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specific embodiments, the cell membrane fusion mechanisms are either from a mutant virus generated through random mutagenesis 
or through insertion of a fusogenic membrane glycoprotein, and in further specific embodiments the strict late viral promoter UI38p 
regulates expression of the glycoprotein. 
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POTENT ONCOLYTIC HERPES SIMPLEX VIRUS FOR CANCER THERAPY 

[0001] The present invention claims priority to U.S. Provisional Patent Application 
Serial No. 60/367,788, filed March 27, 2002 and 60/410,024, filed September 11, 2002, both of 
which are incorporated by reference herein in their entirety. 

[0002] The present invention was developed at least in part using funds provided 
by the United States Government pursuant to N1H grant number CA 58204. The government 
may have certain rights in the invention. 

FIELD OF THE INVENTION 
[0003] The present invention is directed to the fields of virology, cancer biology, 
and medicine. Specifically, the present invention regards compositions and methods directed to 
an oncolytic vector utilizing viral infection and cell membrane fusion mechanisms. More 
specifically, a Herpes Simplex Virus (HSV) vector comprising multiple fusogenic mechanisms is 
utilized, and, in some embodiments, further comprises a strict late viral promoter. 

BACKGROUND OF THE INVENTION 
[0004] Replication selective oncolytic viruses have shown great promise as anti- 
tumor agents for solid tumors. The viruses have been constructed genetically so that they are able 
to preferentially replicate within tumor cells, while being restricted in their ability to replicate in 
normal cells. The principle anti-tumor mechanism of oncolytic viruses is through a direct 
cytopathic effect as they propagate and spread from initially infected tumor cells to surrounding 
tumor cells, achieving a larger volume of distribution and anticancer effects. Oncolytic herpes 
simplex virus (HSV) were initially designed and constructed for the treatment of brain tumors 
(Andreansky et aL, 1996). Subsequently, they have been found to be effective in a variety of 
other human solid tumors, including breast (Toda et aL 9 1998), prostate (Walker et aL 9 1999), 
lung (Toyoizumi et aL 1999), ovarian (Coukos et aL, 1999), colon and liver cancers (Carroll et 
aL, 1996; Pawlik et aL, 2000). The safety of oncolytic HSVs has also been extensively tested in 
mice (Sundaresan et aL, 2000) and primates (Aotus), which are extremely sensitive to HSV 
infection (Todo et aL, 2000). The studies have confirmed that oncolytic HSVs are extremely 
safe for in vivo administration. 
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[0005] Despite these encouraging preclinical studies, results from early clinical 
trials have suggested that the current versions of oncolytic viruses, although safe, may only have 
limited anti-tumor activity on their own (Markert et aL, 2000; Rampling et aL, 2000; 
Nemunaitis et al., 2001). One of the main reasons for the sub-optimal oncolytic efficacy is 
probably because viral gene deletions that confer tumor selectivity also result in reduced potency 
of the virus in tumors. For example, the complete elimination of endogenous y34.5 function from 
HSV, one of the common approaches for the construction of oncolytic HSV, significantly 
reduces viral replication potential and therefore may compromise the ability of the virus to 
spread within the targeted tumors (Kramm et aL, 1997). Therefore, strategies designed to further 
enhance the potency of current oncolytic viruses will likely increase their chance of clinical 
success. 

[0006] Recently it has been reported that the envelop fusogenic membrane 
glycoproteins (FMGs) from certain viruses are extremely potent at killing tumor cells (Bateman 
et aU 2000). An example of one such FMGs is a C-tenninally truncated form of the gibbon ape 
leukemia virus envelope glycoprotein (GALV.fus) (Bateman et aL, 2000; Fielding et aL, 2000). 
This truncated form of FMG lacks the 16 amino acid R-peptide of the wild-type protein, which 
normally serves to restrict fusion of the envelope until it is cleaved during viral infection 
(Januszeski et al, 1997). This alteration in the FMG renders the protein constitutively highly 
fusogenic to human cells that express the Pit-1 receptor for GALV. Transduction of the 
GALV.fus into a range of human tumor cells efficiently kills the cells, through a process of 
syncytial formation (Higuchi et a/., 2000). In addition, the bystander killing effect is at least one 
log higher using GALV.fus than the suicide genes HSVtk or cytosine deaminase (Diaz et aL, 
2000; Higuchi et aL, 2000). However, it is expected that this gene has to be efficiently delivered 
into tumor cells in a controlled fashion so that its potential therapeutic benefit can be 
materialized. 

[0007] Clinical application of therapeutic genes such as GALV.fus requires their 
tumor selection expression. One way to achieve this is to use tumor or tissue-specific 
transcriptional regulatory elements to control the expression of a therapeutic gene of interest. 
Although several tissue-specific promoters have been shown to direct gene expression 
selectively in the tumor cells of the same tissue origin (Huber et aL, 1991; Vile and Hart, 1993; 
Latham el aL, 2000; Tanaka et aL, 2000), their activity is usually much weaker than the 
constitutive viral promoters such as the cytomegalovirus immediate early promoter (CMV-P) 
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and the long terminal repeat (LTR) of retroviruses (Schuur et aL, 19996; Koga et aL, 2000; 
Latham et aL, 2000), resulting in poor anti-tumor efficacy. Strategies such as adding CMV 
enhancer sequences to the upstream of tissue specific promoters can substantially increase the 
promoter activity (Latham et aL, 2000). However, this action also causes the original promoters 
to lose their tissue-specificity. Another potential concern for these tissue-specific promoters is 
that they also intend to lose their tissue specificity once they are cloned into viral vectors (Babiss 
et aL, 1987). 

[0008] Like many DNA viruses, the transcriptional program of HSV-1 is a 
regulated cascade in which early and late phases of gene expression are separated by viral DNA 
synthesis (Wagner et aL, 1995). The early genes are transcribed prior to viral DNA replication, 
while late genes are expressed at high levels only after viral DNA replication has taken place. 
Late transcripts can be further categorized as either leaky-late, which are readily detectable prior 
to the onset of viral genome replication, or strict late that are only reliably detectable after the 
onset of viral DNA replication (Holland et aL, 1980; Johnson and Everett, 1986; Flanagan et aL, 
1991). 

[0009] The present invention in some embodiments uses a strict late viral promoter 
(e.g., the promoter of the UL38 gene of HSV) to selectively express a therapeutic nucleic acid 
sequence (e.g., GALV.fus) in tumor tissues. This is because in the context of an oncolytic HSV, 
such a strict late viral promoter is extremely active in the tumor tissue where the oncolytic virus 
can fully replicate, but silent in the normal cells, if these are non-dividing or post-mitotic, since 
viral replication would be limited. 

[0010] WO 01/45737 is directed to a mutant human herpes simplex virus lacking a 
functionally active wild-type glycoprotein C polypeptide encoding UL44 and preferably 
oncolytic to a neoplasm. In preferred embodiments, the virus is deficient in the viral particle 
attachment to a cell susceptible to its effects or in attachment to the cell surface through a 
receptor. 

[0011] WO 9S/40492 addresses a nucleic acid vector for therapy of a malignant 
disease wherein the vector directs expression of a syncytium-inducing polypeptide on a 
eukaryotic cell surface. In specific embodiments the syncytium-inducing polypeptide is a viral 
membrane glycoprotein, and in other specific embodiments the nucleic acid vector is a defective 
HSV. 
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[0012] The present invention addresses a deficiency in the art by providing a 
conditionally replicating (oncolytic) HSV containing different membrane fusion mechanisms. 
These include selection of fusogenic oncolytic HSV through random mutagenesis of the virus 
and insertion of fusogenic- glycoproteins into the oncolytic virus. Unlike the technology 
described in WO 98/40492 where the vector is defective, the antitumor activity from the present 
invention comes from two completely different but complementary mechanisms (direct viral 
oncolysis from a conditionally replicating viral vector and cell membrane fusion), wherein, 
preferably, the vector is non-defective. Such a combined approach can provide many advantages 
over the embodiments in WO 98/40492 at treating malignant diseases. For example, the 
combination of membrane fusion activity with a conditionally replicating viral vector generates a 
syngeneic antitumor effect, as the syncytia formation from membrane fusion can facilitate the 
spread of oncolytic virus in the tumor tissues. This should also reduce the occurrence of virus- 
resistant tumor cells, because those cells that become resistant to one mechanism (e.g. oncolytic 
virus infection/replication) may be indirectly destroyed by the other tumor-destroying 
mechanism (e.g. syncytial formation). More importantly, having two or more mechanisms to 
provide cell membrane fusion capacity will render the composition effective for different 
populations of cells, such as. for example, those having different types of viral attachment 
receptors. Finally, the present invention also provides a way for selective expression of the 
fusion protein in rumor cells, therefore directly increasing the clinical safety of the therapeutic 
approach. Uncontrolled expression of the fusion peptide, as embodied in WO 98/40492, would 
potentially cause widespread damage to normal tissues in patients. 

SUMMARY OF THE INVENTION 
[0013] The present invention addresses a long-felt need in the art by providing a 
potent oncolytic HSV for therapy of undesirable cells, such as malignant cells. Tn preferred 
embodiments, the conditionally replicating HSV comprises at least two mechanisms for 
generating cell membrane fusion to rid a culture, tissue or organism of at least some undesirable 
cells, to inhibit proliferation of at least some undesirable cells, to prevent proliferation of at least 
some desirable cells, or a combination thereof. 

[001 4J Incorporation of cell membrane fusion capability into an oncolytic HSV can 
significantly increase the antitumor potency of the virus (Fu and Zhang, 2002; Fu et al., 2002). 
Fusogenic oncolytic HSVs utilized in the present invention may be generated by any means so 
long as they comprise cell fusogenic activity. In specific embodiments, the vector is generated 
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by one of the following procedures: 1) screening for syncytial phenotype from any vector, such 
as a well-established oncolytic HSV, following random mutagenesis (as described, for example, 
for the creation of Fu-10 (Fu and Zhang, 2002)); 2) insertion of a nucleic acid sequence encoding 
a gene product comprising fusogenic properties into the vector, such as the nucleic acid sequence 
encoding the hyperfusogenic membrane glycoprotein of gibbon ape leukemia virus (GALV.fus) 
into the genome of an oncolytic HSV (such as, for the creation of Synco-2 (Fu et al., 2002)); and 
3) incorporation of both of these two membrane fusion mechanisms into a single oncolytic HSV 
(such as, for example, for the generation of Synco-2D). In any case, the fusogenic oncolytic 
HSVs showed a dramatically enhanced antitumor activity when compared with the non- 
fusogenic virus. 

[0015] In one aspect, an HSV is rendered fusogenic by generating mutations or 
other manipulations of the virus to attain that function. To further enhance the anti-tumor 
potency of the virus, it is engineered to comprise a nucleic acid sequence encoding a fusogenic 
polypeptide, such as GALV.fus, and/or to engineer a characteristic, such as a mutation that 
confers fusogenic properties. Moreover, in specific embodiments, expression of a nucleic acid 
sequence, such as a GALV.fus, in a tumor-specific manner is useful. In one embodiment, the 
tumor-specific expression is through a strictly late viral promoter whose activity is dependent on 
the ability of the oncolytic virus to replicate in tumor cells. It restricts the GALV.fus expression 
to tumor tissues only, and any nucleic acid sequence of the present invention may be regulated 
by a strictly late viral promoter. In one embodiment, the construction of such oncolytic HSVs 
through an enforced ligation strategy is obtained, and in vitro characterization and in vivo 
evaluation of these viruses in xenografted human tumor is described. 

[0016] In certain embodiments of the present invention, the transcriptional 
regulatory elements of strict late genes is useful as strong and tumor-specific promoters when 
utilized with an oncolytic HSV. Such a strict late viral promoter is extremely active in the tumor 
tissue where the oncolytic virus can fully replicate but is silent in non-dividing or post-mitotic 
normal cells since viral replication would be limited. 

[0017] There is an oncolytic HSV that contains the secreted form of alkaline 
phosphatase gene (SEAP) driven by the promoter of UL38, a well-characterized strict late gene 
of HSV (Goodart et aL, 1992; Guzowski and Wagner, 1993; Guzowski et al, 1994). This 
promoter has very low activity in non-dividing cells. However, in cycling cells and in the 
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q presence of lytic HSV infection, its activity is dramatically increased to a level equivalent to that of 

^ the CMV-P. In vivo administration of an oncolytic HSV containing this promoter cassette also 

2^ demonstrated strong tumor-selective expression property. Hence, a strict late viral promoter in an 

^2 oncolytic HSV can function as a strong tumor-selective promoter. 

O 

5 [0018J In other embodiments of the present invention, a strict late viral promoter is used in 

^ the context of an oncolytic virus as a tumor-specific promoter. A skilled artisan recognizes the virus 

^ could be any kind of virus that can be developed for oncolysis, including retrovirus, adenovirus, or 

2^ adeno-associated virus. 
<N 

m 

O [0019] The present invention relates to a composition comprising a cell membrane fusion- 

CD 

<N 10 generating Herpes Simplex Virus vector comprising at least one additional cell membrane fusion- 
generating mechanism. In a specific embodiment, the HSV vector is conditionally replicating. In a 
further specific embodiment, the conditionally replicating is defined as the vector comprising a 
strict late viral promoter. In a specific embodiment, the cell membrane fusion-generating vector is 
generated by mutagenesis of a non-cell membrane fusion-generating vector. In a specific 

15 embodiment, the additional cell membrane fusion mechanism comprises a nucleic acid sequence in 
the HSV vector that encodes a fusogenic polypeptide. In a specific embodiment, the fusogenic 
polypeptide is further defined as a membrane glycoprotein. In a specific embodiment, the 
membrane glycoprotein is paramyxovirus F protein, HIV gpl60 protein, SIV gp!60 protein, 
retroviral Env protein, Ebola virus Gp, or the influenza virus haemagglutinin. In a specific 

>0 embodiment, the glycoprotein is a membrane glycoprotein from gibbon ape leukemia virus 
(GALV). 

[0020J In a specific embodiment, the glycoprotein is a C-terminally truncated form of the 
gibbon ape leukemia virus envelope glycoprotein (GALV.fus). In a specific embodiment, the 
expression of the nucleic acid sequence is controlled by a strict late viral promoter. In a specific 
25 embodiment, the strict late viral promoter is the promoter of UL38 or Usl 1 of HSV. In a specific 
embodiment, further comprises a pharmaceutical^ acceptable excipient. 

[0021] The present invention further relates to a method of generating fusion between a 
first cell and a second cell, comprising the step of introducing to the first cell a cell membrane 
fusion-generating Herpes Simplex Virus vector comprising at least one additional cell membrane 
30 fusion-generating mechanism, wherein following the introduction step the cell membrane of the 
first cell fuses with the cell membrane of the second cell. In a specific embodiment, the first cell, 
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<3 second cell, or both first and second cells are malignant cells. In a specific embodiment, the step is 
O 

Csl repeated with a plurality of cells. In a specific embodiment, the HSV vector is conditionally 

^ replicating. In a specific embodiment, the additional cell membrane fusion mechanism comprises a 

^ nucleic acid sequence encoding a fusogenic polypeptide. In a specific embodiment, the expression 

q 5 of the nucleic acid sequence is regulated by a strict late viral promoter. In a specific embodiment, 
the strict late viral promoter is the promoter of UL38 or Usl 1 of HSV. 

O 

q [0022] The present invention further relates to a method of destroying a malignant cell, 
00 

i/^ comprising the step of introducing to the cell a cell membrane fusion-generating Herpes Simplex 

C<) Virus vector comprising at least one additional cell membrane fusion-generating mechanism, 
O 

O 10 wherein following said introduction the membrane of the malignant cell fuses with another cell 
<N 

membrane. In a specific embodiment, the malignant cell is of human origin. In a specific 
embodiment, the introduction step is further defined as administering the vector to a human at about 
I x 10 9 plaque forming units (pfu). In a specific embodiment, the method further comprises 
administrating an additional cancer therapy to the human. In a specific embodiment, the additional 
1 5 cancer therapy is chemotherapy, radiation, surgery, immunotherapy, gene therapy, or a combination 
thereof 

[0023J The present invention further relates to a composition comprising an oncolytic 
virus, wherein the virus comprises a strict late viral promoter. In a specific embodiment, virus is 
further defined as being tumor-specific. 

10 [0024J In an embodiment of the present invention, there is a composition, comprising a cell 

membrane fusion-generating Herpes Simplex Virus vector, said vector including at least one 
additional cell membrane fusion-generating component. In one aspect of the present invention, the 
HSV vector is conditionally replicating, such as when the vector comprises a strict late viral 
promoter. The cell membrane fusion-generating vector may be a non-cell membrane fusion- 

25 generating vector that further comprises a mutation. In an embodiment of the present invention, the 
additional cell membrane fusion component comprises a nucleic acid sequence in the HSV vector 
that encodes a fusogenic polypeptide, which, in some embodiments, is further defined as a 
membrane glycoprotein. The membrane glycoprotein may be paramyxovirus F protein, HIV gp!60 
protein, SIV gp!60 protein, retroviral Env protein, Ebola virus Gp, or the influenza virus 

30 haemagglutinin. In a specific embodiment, the 
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glycoprotein is a membrane glycoprotein from gibbon ape leukemia virus (GALV) or is a C- 
terminally truncated form of the gibbon ape leukemia virus envelope glycoprotein (GALV.fus). 

[0025] The expression of the nucleic acid sequence may be controlled by a strict 
late viral promoter, such as the promoter of UL38 or Usl 1 of HSV. 

[0026] In some embodiments of the present invention, the compositions described 
herein further comprise a pharmaceutically acceptable excipient. 

[0027] In an additional embodiment of the present invention, there is a method of 
generating fusion between a first cell and a second cell, comprising the step of fusing the second 
cell membrane with the first cell membrane by introducing to the first cell a cell membrane 
fusion-generating Herpes Simplex Virus vector comprising at least one additional cell membrane 
fusion-generating component. In specific embodiments, the first cell, second cell, or both first 
and second cells are malignant cells, such as liver cancer malignant cells, breast cancer 
malignant cells, ovarian cancer malignant cell, prostate cancer malignant cells, and/or lung 
cancer malignant cells. In specific embodiments, a step of the method is repeated with a 
plurality of cells. 

[0028] The HSV vector may be conditionally replicating. Furthermore, the 
additional cell membrane fusion mechanism may comprise a nucleic acid sequence encoding a 
flisogenic polypeptide. In a specific embodiment, the expression of the nucleic acid sequence is 
regulated by a strict late viral promoter, such as the promoter of TJL38 or Usl 1 of HSV. 

[0029] In an additional embodiment of the present invention, there is a method of 
destroying a malignant cell, comprising the step of introducing to the cell a cell membrane 
fusion-generating Herpes Simplex Virus vector comprising at least one additional cell membrane 
fusion-generating mechanism, wherein following said introduction the membrane of the 
malignant cell fuses with another cell membrane. In a specific embodiment, the malignant cell is 
of human origin. The introduction step may be further defined as administering the vector to a 
human at about 1 x 10* plaque forming units (pfu), and in some embodiments the method further 
comprises administrating an additional cancer therapy to the human, wherein the additional 
cancer therapy is chemotherapy, radiation, surgery, immunotherapy, gene therapy, or a 
combination thereof. 
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[0030] In another embodiment of the present invention, there is a composition 
comprising an oncolytic virus, wherein the virus comprises a strict late viral promoter. The virus 
may be further defined as being tumor-specific. 

[0031] In an additional embodiment of the present invention, there is a method of 
generating a cell membrane fusion-generating Herpes Simplex Virus vector comprising the steps 
of introducing a mutation to a non-cell membrane fusion-generating Herpes Simplex Virus 
vector; and incorporating into the vector a nucleic acid sequence encoding a cell membrane 
fusion-generating polypeptide. 

[0032J In another embodiment of the present invention, there is a composition 
comprising a Herpes Simplex Virus vector comprising a mutation that renders the vector a cell 
membrane fusion-generating vector; and a nucleic acid sequence encoding GALV.fus. 

[0033] In an additional embodiment of the present invention, there is a method of 
destroying a malignant cell comprising introducing to said cell a composition comprising an 
oncolytic virus, wherein the virus comprises a strict late viral promoter. 

[0034] In one embodiment of the present invention, there is a composition, 
comprising a vector comprising a first cell membrane fusion-generating activity; and a second 
cell membrane fusion-generating activity. The vector may be a Herpes Simplex Virus vector, and 
it may be conditionally replicating, such as being further defined as the vector comprising a strict 
late viral promoter. In a specific embodiment, the first cell membrane fusion-generating activity, 
the second cell membrane fusion-generating activity, or both comprise a mutation, said mutation 
conferring said cell membrane fusion-generating activity to the vector or a gene product encoded 
thereby. In another specific embodiment, the first cell membrane fusion-generating activity, the 
second cell membrane fusion-generating activity, or both comprise a nucleic acid sequence that 
encodes a fusogenic polypeptide, such as one that is further defined as a membrane glycoprotein, 
such as paramyxovirus F protein, HIV gpl60 protein, SIV gpl60 protein, retroviral Env protein, 
Ebola virus Gp, or the influenza virus haemagglutinin. The glycoprotein may be a membrane 
glycoprotein from gibbon ape leukemia virus (GALV) or a C-terminally truncated form of the 
gibbon ape leukemia virus envelope glycoprotein (GALV.fus). The expression of the nucleic 
acid sequence is controlled by a strict late viral promoter, in some embodiments, such as the 
strict late viral promoter is the promoter of UL38 or Usl 1 of HSV. In a specific embodiment, the 
composition further comprises a pharmaceutically acceptable excipient. 
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[0035] In another embodiment of the present invention, there is a method of 
generating fusion between a first cell and a second cell, comprising the step of fusing the second 
cell membrane with the first cell membrane by introducing to the first cell a vector comprising a 
first cell membrane fusion-generating activity and a second cell membrane fusion-generating 
activity. The first cell, second cell, or both first and second cells may be malignant cells, such as 
in a solid tumor and/or such as in a human. The introducing step may be further defined as 
delivering the vector to the human, such as systemically delivering the vector to the human, such 
as intravenously delivering the vector to the human. The step may be repeated with a plurality of 
cells. The vector may be a conditionally replicating Herpes Simplex Virus vector. 

[0036] In a specific embodiment, the first cell membrane fusion-generating 
activity, the second cell membrane fusion-generating activity, or both comprise a mutation, said 
mutation conferring said cell membrane fusion-generating activity to the vector or a gene 
product encoded thereby. In another embodiment, the first cell membrane fusion-generating 
activity, the second cell membrane fusion-generating activity, or both comprise a nucleic acid 
sequence that encodes a fusogenic polypeptide. The expression of the nucleic acid sequence 
may be regulated by a strict late viral promoter, such as the promoter of UL38 or Usl 1 of HSV. 

[0037] In a specific embodiment, the method further comprises the step of 
providing enhanced tumor antigen presentation compared to in the absence of said vector, and 
the enhanced tumor antigen presentation provides an improved antitumor immunity compared to 
in the absence of said enhanced tumor antigen presentation. 

[0038] In an additional embodiment of the present invention, there is a method of 
destroying a malignant cell, comprising the step of introducing to the cell a vector comprising a 
first cell membrane fusion-generating activity; and a second cell membrane fusion- generating 
activity, wherein following said introduction the membrane of the malignant cell fuses with 
another cell membrane. In a specific embodiment, the malignant cell is in a human and/or the 
introduction step is further defined as administering at least about 1 x 10 9 plaque forming units 
(pfu) of the vector to the human. The method may further comprise administering an additional 
cancer therapy to the human, such as chemotherapy, radiation, surgery, immunotherapy, gene 
therapy, or a combination thereof. The method may further comprise the step of providing 
enhanced tumor antigen presentation compared to in the absence of said vector, such as wherein 
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the enhanced tumor antigen presentation provides an improved antitumor immunity compared to 
in the absence of said enhanced tumor antigen presentation. 

[0039] In an embodiment of the present invention, there is a composition 
comprising an oncolytic virus, wherein the virus comprises a strict late viral promoter, and the 
virus may be further defined as being tumor-specific. 

[0040] In another embodiment of the present invention, there is a method of 
generating a cell membrane fusion-generating Herpes Simplex Virus vector comprising the steps 
of introducing a mutation to a non-cell membrane fusion-generating Herpes Simplex Virus 
vector, said mutation conferring cell-membrane fusion-generating activity to the vector or a gene 
product encoded thereby; and incorporating into said vector a nucleic acid sequence encoding a 
cell membrane fusion-generating polypeptide. 

[0041] hi an additional embodiment of the present invention, there is a 
composition, comprising a Herpes Simplex Virus vector comprising a mutation that confers to 
the vector or a gene product encoded thereby a cell membrane fusion-generating activity; and a 
nucleic acid sequence encoding GALV.fus. 

[0042] In a further embodiment of the present invention, there is a method of 
destroying a malignant cell comprising introducing to said cell a composition comprising an 
oncolytic virus, wherein the virus comprises a strict late viral promoter. 

[0043] In a further embodiment of the present invention, there is a mammalian cell 
comprising a composition described herein. 

[0044] In an additional embodiment of the present invention, there is a vector, 
comprising a first cell membrane fusion-generating activity and a second cell membrane fusion- 
generating activity, wherein said vector is obtainable by a method comprising at least one of the 
following steps generating a mutation in a nucleic acid sequence of the vector, wherein the 
mutation confers to the vector or a gene product encoded thereby the cell membrane fusion- 
generating activity; incorporating into the vector a nucleic acid sequence encoding a gene 
product comprising cell membrane fusion-generating activity; or both. 

[0045] The incorporating step may be further defined as providing a first 
polynucleotide comprising a Herpes Simplex Virus genome, said Herpes Simplex Virus being 
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non-infectious; providing a second polynucleotide comprising the nucleic acid sequence 
encoding at least one gene product comprising cell membrane fusion-generating activity; and at 
least one nucleic acid sequence encoding a gene product comprising a functional packaging 
signal; and incorporating the nucleic acid sequence encoding a gene product comprising cell 
membrane fusion-generating activity and the nucleic acid sequence encoding a gene product 
comprising a functional packaging signal into the first polynucleotide, wherein said 
incorporating step generates an infectious Heipes Simplex Virus. 

[0046] The incorporating the nucleic acid sequence encoding a gene product 
comprising cell membrane fusion-generating activity and the nucleic acid sequence encoding a 
gene product comprising a functional packaging signal into the first polynucleotide step may be 
further defined as mixing the first and second polynucleotides together to form a mixture; 
introducing the mixture to a cell; and assaying for lysis of said cell. 

[0047] The first polynucleotide may be provided on a bacterial artificial 
chromosome. The Heipes Simplex Virus of the first polynucleotide may comprise a deletion of 
y34.5; a deletion of one or more copies of pac; or a combination thereof. The infectious Herpes 
Simplex Virus may be replication selective. The second polynucleotide may be provided on a 
plasmid. The expression of the nucleic acid sequence encoding at least one gene product 
comprising cell membrane fusion-generating activity may be regulated by CMV immediate early 
promoter. 

[0048] In an additional embodiment of the present invention, there is a method of 
generating a vector comprising a first cell membrane fusion-generating activity and a second cell 
membrane fusion-generating activity, comprising at least one of the following steps generating a 
mutation in a nucleic acid sequence of the vector, wherein the mutation confers to the vector or a 
gene product encoded thereby the cell membrane fusion-generating activity; incorporating into 
the vector a nucleic acid sequence encoding a gene product comprising cell membrane fusion- 
generating activity; or both. The incorporating step may further be defined as providing a first 
polynucleotide comprising a Herpes Simplex Virus genome, said Herpes Simplex Virus being 
non-infectious; providing a second polynucleotide comprising the nucleic acid sequence 
encoding at least one gene product comprising cell membrane fusion-generating activity; and at 
least one nucleic acid sequence encoding a gene product comprising a functional packaging 
signal; and incorporating the nucleic acid sequence encoding a gene product comprising cell 
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O membrane fusion-generating activity and the nucleic acid sequence encoding a gene product 
O 

CN| comprising a functional packaging signal into the first polynucleotide, wherein said 

^ incorporating step generates an infectious Herpes Simplex Virus. In another embodiment, there 

^ is the vector obtained by a method described herein. 
O 

5 [0049J In another embodiment of the present invention, there is a method of increasing 

^ tumor antigen presentation in an individual, said individual comprising a malignant cell, 

q comprising the step of providing to the individual a vector comprising a first cell membrane 
OO 

ID fusion-generating activity and a second cell membrane fiision-generating activity. The increased 
<N 

CO tumor antigen presentation provides an improved antitumor immunity in the individual compared 
O 

O 10 to in the absence of said increased tumor antigen presentation, in some embodiments. 
<N 

[0050] The present invention further relates to a method of destroying a malignant cell 
comprising introducing to said cell a composition comprising an oncolytic virus, wherein the 
virus comprises a strict late viral promoter. 

As used herein, the term "comprise" and variations of the term, such as "comprising", 
1 5 "comprises" and "comprised", are not intended to exclude other additives, components, integers 
or steps. 

Reference to any prior art in the specification is not, and should not be taken as, an 
acknowledgment, or any form of suggestion, that this prior art forms part of the common general 
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be 
20 expected to be ascertained, understood and regarded as relevant by a person skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] For a more complete understanding of the present invention, reference is now 
made to the following descriptions taken in conjunction with the following accompanying 
drawings. 

25 |0052] FIG. 1 provides a schematic illustration of the enforced strategy for the insertion 

of GALV.fiis gene into oncolytic HSV. The mutated HSV DNA sequence is represented by 
dotted gray bars and the BAC sequence is represented by black bars in fHSV-delta-pac. The pac 
and the gene cassette from shuttle plasm ids are labeled. The gene insertion is done in vitro before 
the ligation mixture was transfected into Vero cells for the generation of infectious viruses. 
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O [0053] FIG. 2 shows phenotypic characterization of Synco-1 on tumor cells. The top 

O 

fN panel shows the tumor cells infected with Baco-1. Each photo contains a single infection focus. 
^ The bottom panel shows the cells infected with Synco-1. Each photo shows a single syncytium 
(original magnification, x200). 

O 

5 (0054) FIGS. 3A and 3B illustrate increased tumor cell killing ability from Synco-1 

0> infection. The percentage of cell survival was calculated by dividing the live cells from the 
infected wells with the total number of cells in the well that was not infected. Statistical 
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comparison was made between the cells infected with Baco-1 or Synco-1 at each of the virus 
doses and the time points of harvest * P < 0.001 . 

[0055] FIG. 4 demonstrates enhanced oncolytic potency of Synco-1 in nude mouse 
- human tumor xenografts. Treatment groups include Synco-1, Baco-1 or PBS. Tumor growth 
ration was determined by dividing the tumor volume measured on the indicated week with the 
tumor volume at the start of injection. The figures represent the mean value ± standard deviation 
(n = 10 per group). P < 0.001 when comparing with PBS control. 

10056] FIGS. 5A-5L provide phenotypic characterization of Synco-2 and selective 
GALV.fus expression from the virus. FIGS. 5A-5C show different tumor cells (FIG. 5A, U87 
MG; FIG. 5B, DU 145; and FIG. 5C, Hep 3B) infected with Synco-2. FIG. 5D and 5E show 
Hep 3B cells infected with Synco-1 (FIG. 5D) and Synco-2 (FIG. 5E) in the presence of ACV in 
the medium. FIG. 5F shows uninfected human embryonic fibroblasts HF 333.We. FIG. 5G - 51 
shows different status of HF333.We infected with Synco-1 (FIG. 5G, shows cell maintained in 
growth medium; FIG. 5H shows cells serum-starved for 24 h; FIG. 51 shows serum-starved cells 
for 24 h plus incubation with lovastatin). FIG. 5J - 5L show different status of HF 333.We (FIG. 
5 J shows cells maintained in growth medium; FIG. 5K shows cells serum-starved for 48h; FIG. 
5L shows cells serum-starved plus incubation with lovastatin) infected with Synco-2, (Original 
magnification, x200). 

[0057] FIGS. 6A-6B show a comparison of anti-tumor potency between Synco-1 
and Synco-2 and demonstration of their in vivo syncytial formation. FIG. 6A is a comparison of 
oncolytic potency on xenografted human tumors. Treatment groups include Baco-1, Synco-1, 
Synco-2 and PBS. FIG. 6B shows microscopic examination of tumor tissues after viral or PBS 
injection. The syncytial formation in Synco-1 or Synco-2 infected tumor tissues are indicated by 
arrow heads. 

[0058] FIG. 7 is a schematic exemplary illustration of an enforced ligation strategy 
for the construction of oncolytic HSV containing AP gene. The plasmid DNA sequence is 
represented by filled area, and the HSV DNA sequence in the fHSV-delta-pac is represented by 
the hatched area. The BAC sequence, the HSV packaging signal (pac), the two different 
promoter elements, and the AP gene are each individually labeled (not proportional to their 
actual sizes). The locations of the restriction enzyme Pad site on each construct are also 
indicated. The gene cassettes containing AP gene were cut out with Pad and ligated into fHSV- 
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delta-pac that has also been linearized with Pad. The ligation mixture was directly transfected 
into Vero cells for the generation of infectious viruses. 

[0059] FIG. 8 illustrates in vitro characterization of UL38p cloned in a plasmid. 
Both pLox-AP and pIMJ-pac-AP were transfected into Vero cells, which were then infected with 
0.1 pfu/cell of an oncolytic HSV (Baco-1) or mock infected (with medium only). Hie medium 
was collected 24 h after viral infection (i.e., 48 h after DNA transfection) and quantified for the 
AP secretion. The results represent the average of three independent experiments. 

[0060] FIG. 9 shows in vitro characterization of UL38p in the context of oncolytic 
HSV. Human embryonic fibroblasts (HF 333. We) were seeded duplicately into 12-well plates at 
1 X 10 5 cells/well. One set of cells was treated with 20 uM lovastatin in serum-free medium for 
30 h. Both untreated (in complete medium) and the lovastatin-arrested cells were then infected 
with either Baco-APl or Baco-AP2 at 0.1 pfu/cell. The supernatants were collected 24 h after 
infection and the AP in the medium was quantified. The figures represent the average of two 
independent experiments. 

[0061] FIG. 10 demonstrates in vivo characterization of UL38p in the context of 
oncolytic HSV. Mice with established liver tumor on the right-hand side flank were 
intratumorally injected (i.t.) with 5X10 6 pfu of either Baco-AP-1 or Baco-AP2. Mice without 
tumor were injected with the same amount of virus either intramuscularly (i.m.) or intravenously 
(i.v.). Blood was collected at the indicated day after virus inoculation and the AP secreted into 
the blood was quantified. Data are expressed as the mean =fc SE («=5). 

[0062] FIG. 1 1 provides a summary of the strategy for fusogenic oncolytic HSV. 
The large circle area represents the HSV DNA sequence including the BAC sequence 
represented by black circle in the fHSV-delta-pac. The pac and the gene cassette from shuttle 
plasmids are labeled. The gene cassettes were ligated into the BAC-HSV construct in vitro 
before the ligation mixture was transfected into Vero cells for the generation of infectious 
viruses. After that, to generate the enhanced fusogenic potent HSVs, random mutagenesis was 
performed. 

[0063] FIGS. 12A-12F show in vitro phenotypic characterization of Synco-2D in 
ovarian cancer cell lines. Hey or SKOV3 ovarian cancer cells were infected with either Baco-1 
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or Synco-2D. Photos were taken at 48 h after initial viral infection (original magnification, 
x200). Black arrows indicate a single syncytia formation (FIG. 12E, FIG. 12F). 

[0064] FIGS. 13A and 13B provide a comparison of the in vitro cytotoxicity of 
Baco-1 and Synco-2D on ovarian cancer cells. Hey or SKOV3 ovarian cancer cells were seeded 
into 24-well plates and infected with Baco-1 or Synco-2D, or left uninfected (not shown in this 
figure). Cells collected 24 h or 48 h after infection, and viable cells were counted after trypan 
blue staining. The percentage of cell viability was determined by dividing the number of viable 
infected cells by the number of uninfected cells. Data are expressed as meanistandard deviation 
of the mean. FIG. 13A shows 0.01 pfu/cell; FIG. 13B shows 0.1 pfu/cell. 

[0065] FIGS. 14A-14C demonstrate a therapeutic effect of the fusogenic oncolytic 
HSV for an orthotopic ovarian cancer model. After 14 and 28 days of the orthotopic 
transplantation of Hey tumor cells, mice received intraperitoneal administration of oncolytic 
HSV at a dose of 2xl0 7 pfu/200ul from a different site of tumor injected. The treated group was 
as follows; (FIG. 14A): PBS as control; (FIG. 14B): Baco-1; (FIG. 14C): Synco-2D. Forty-two 
days after the orthotopic tumor inoculation, the live mice were euthanized and examined whether 
they developed tumors and had peritoneal dissemination. Black arrows indicate the formation of 
peritoneal thickness or dissemination. 

[00661 FIG. 15 demonstrates survival of mice treated with oncolytic HSV for 
advanced ovarian cancer (Kaplan-Meier plots). The mice bearing intraperitoneal dissemination 
of Hey ovarian cancer cells were treated with an intraperitoneal administration of oncolytic HSV 
as follows; PBS (n=8, A), Baco-1 (n=8, »), and Synco-2d (n-8, •). *: A significant prolonging 
of survival is noted after intraperitoneal administration of Synco-2D versus PBS or Baco-1 
(p<0.01). 

[00671 FIG. 16 provides phenotypic characterization of fusogenic oncolytic HSV 
in prostate cancer cell line PC-3M-Pro4. PC-3M-Pro4 cells were infected with either non- 
fusogenic (Baco-1) or fusogenic (Synco-2 or Synco-2D) oncolytic HSVs. Each photo was taken 
at 24 h or 48h after initial viral infection (original magnification, x200). Black arrows indicate 
the boundary of the syncytium. 

10068] FIGS. 17A and 17B show comparison of the in vitro cytotoxicity of Baco-1, 
Synco-2 and Synco-2D on prostate cancer cells. PC-3M-Pro4 prostate cancer cells were seeded 
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into 24-well plates and infected with Baco-1, Synco-2 or Synco-2D at 0.01 pfu/cell (FIG. 17A) 
or 0.1 pfu/cell (FIG. 17B), or left uninfected. Cells were collected 24 h, 48 h or 72 h after 
infection, and viable cells were counted after trypan blue staining. The percentage of cell 
viability was determined by dividing the number of viable cells from the infected wells by the 
number of cells in the uninfected well. Data are expressed as mean ± standard deviation of the 
mean. * , P< 0.05 as compared with Baco-1; *, P<0.01 as compared with Synco-2. 

[0069] FIGS. 18A and 18B show a therapeutic effect of the fusogenic oncolytic 
HSVs on the orthotopic prostate tumor. Human prostate cancer xenografts were established in 
the primary site through orthotopic inoculation of PC-3M-Pro4 cells. Eight and 15 days after 
tumor cell inoculation, mice received intravenous administration of oncolytic HSV at a dose of 
2xl0 7 pfu at a volume of 100 pi through tail vein. Forty days after the orthotopic tumor 
inoculation, mice that were still alive were euthanized and examined for the presence of tumor 
mass in the original injection site and lymph node metastases. FIG. 18A provides photos that 
were taken from one mouse from each group that shows an average tumor and local lymph node 
metastasis (PBS treated group only). The orthotopic tumors are indicated with dashed triangles 
and the lymph node metastasis is indicated with filled arrows. FIG. 18B shows orthotopic 
tumors that were explanted and weighed. The plotted figures represent the average weight ± 
standard deviation. 

[0070] FIGS. 19A through 19C demonstrate that an enhanced oncolytic effect of 
Synco-2D on 4T1 tumor is accompanied by elevated tumor-specific CTL activities. In FIG. 
19A, antitumor activity of oncolytic HSVs on local tumor is shown. The tumor volume was 
determined by the formula (L x W2)/2, where the L is the tumor length and W the width. In 
FIG. 19B, a therapeutic effect of oncolytic HSVs on lung metastases is shown. The figure 
demonstrates the gross pathological findings in a representative mouse from each group. In FIG. 
19C, tumor-specific CTL activity after tumor destruction by oncolytic HSVs is provided. 

DETAILED DESCRIPTION OF THE INVENTION 

1. Definitions 

[0071] The term "a" or "an" as used herein the specification may mean one or 
more. As used herein in the claim(s), when used in conjunction with the word "comprising", the 



17 



WO 03/0K220U 



PCT/US03/09287 



words "a" or "an" may mean one or more than one. As used herein "another" may mean at least 
a second or more. 

[0072] The term "cell membrane fusion" as used herein refers to fusion of an outer 
membrane of at least two cells, such as two adjacent cells. 

[0073] The term "conditionally replicating" as used herein refers to the property 
that a virus can only replicate in, for example, dividing cells (such as tumor cells) but not in, for 
example, postmitotic or non-dividing cells such as normal hepatocytes or neurons. 

[0074] The terms "enhanced tumor antigen presentation" or "increased tumor 
antigen presentation" as used herein refers to an enhancement, increase, intensification, 
augmentation, amplification, proliferation, multiplication, or combination thereof of the 
presentation of tumor antigens to the immune system. In a specific embodiment, the presentation 
comprises the release of tumor antigens. In a specific embodiment, the enhanced tumor antigen 
presentation is particularly useful for solid tumors, non-solid tumors, and/or metastasized cancer. 
In a specific embodiment, some exemplary tumor antigens include gp 100 and carcinoembryonic 
antigen (CEA). 

[0075] The term "improved antitumor immunity" as used herein refers to the 
generation of a better antitumor immunity in the presence of membrane fusion, (wherein the 
fusion leads to syncytia formation and enhanced tumor antigen presentation) compared to in the 
absence of the membrane fusion. In a specific embodiment, the improved antitumor immunity is 
directed to cell-mediated antitumor immunity. 

[0076] The term "oncolytic" as used herein refers to an agent that can destroy 
malignant cells. In a specific embodiment, the destruction comprises fusion of the malignant cell 
membrane to another membrane. In other embodiments, the destruction comprises lysis of the 
cell, and in some embodiments the destruction comprises both membrane fusion and lysis. 

[0077] The term "replication selective" or "replication conditional" as used herein 
refers to the ability of an oncolytic virus to selectively grow in certain tissues (e.g., tumors). 

[0078] The term "strictly late viral promoter" as used herein regards a promoter 
that is only active at a very late stage, i.e., after the start of viral DNA replication. 
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[0079] A skilled artisan recognizes that the term "syncytium" as used herein refers 
to a multinucleate giant cell formation involving significantly larger number of fused cells. 

II. The Present Invention 

[0080] The present invention regards a conditionally replicating (oncolytic) HSV 
vector having greater than one cell membrane fusion- generating mechanism, in contrast to those 
in the related art. In specific embodiments, a fusogenic oncolytic HSV, such as created by 
methods described herein, for example random mutagenesis, further comprises a nucleic acid 
encoding a cell membrane fusion-generating polypeptide, such as GALV.fus. In a specific 
embodiment, the GALV.fus sequence is SEQ ID NO:5. 

[0081] Oncolytic viruses have shown great promise as anti-tumor agents for solid 
tumors. However, their anti-tumor potency must be further improved before a clear clinical 
benefit can be obtained from their administration. The present invention utilizes, in specific 
embodiments, a gene encoding a truncated form of gibbon ape leukemia virus envelope 
fusogenic membrane glycoprotein (GALV.fus) into an oncolytic herpes simplex virus through an 
enforced ligation procedure. In vivo studies show that expression of GALV.fus in the context of 
an oncolytic virus significantly enhances the anti-tumoral effect of the virus. Furthermore, 
controlling GALV.fus expression through a strictly late viral promoter, whose activity entirely 
depends on the initiation of viral DNA replication, led to a strong GALV.fus expression only to 
tumor tissues. These results demonstrate that the functional expression .of a strong fusogenic 
gene in the context of an oncolytic HSV can enhance the viral anti-tumoral activity without 
sacrificing the safety of the original, virus. 

[0082] Furthermore, the confinement of transgene expression to tumor cells is 
particularly desirable for gene therapy of malignant diseases. Current approaches for 
transcriptional targeting to tumors mainly use tissue-specific promoters to control gene 
expression. However, these promoters generally have much lower activity than the constitutive 
viral promoters and may also lose their tissue specificity once cloned into viral vectors. As an 
alternative approach, the present invention, in some embodiments, utilizes a strict late viral 
promoter (UL38p), whose activity depends on the onset of viral DNA replication. The promoter 
was introduced into an oncolytic herpes simplex virus (HSV). In vitro and in vivo 
characterization showed that in normal non-dividing cells, where the oncolytic HSV has limited 
ability to replicate, the UL38p has minimal activity. In tumor or cycling cells where the vims can 
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fully replicate, transgene expression from UL38p is almost as high as from the cytomegalovirus 
immediate early promoter. These results suggest that with an oncolytic virus as a gene delivery 
vehicle, therapeutic genes may be strongly and specifically expressed by strict late viral 
promoters such as UL38p in tumors where the oncolytic virus can conditionally replicate. 

[0083] Thus, in one aspect of the present invention there is a recombinant nucleic 
acid vector for treatment of a malignant disease in a mammalian patient, wherein the vector 
comprises a sequence directing the expression on a eukaryotic cell surface of a cell membrane 
fusion-inducing polypeptide. In other embodiments, the UL38p is utilized to direct expression of 
the cell membrane fusion-inducing polypeptide. 

[0084] In some embodiments, the HSV comprises a mutation that provides to the 
vector cell fusogenic properties. The mutation may be generated randomly, and a pool of 
potential candidates for having cell fusogenic properties is then assayed for the function by 
means described herein and/or known in the art. A HSV comprising a mutation may also be 
obtained from nature, and the corresponding HSV isolated. In specific embodiments, a 
mutation(s) that renders a HSV as having cell fusogenic and/or syncytial-forming properties is 
located at or near the glycoprotein B (gB), the gK gene region, or both. The mutation may be a 
point mutation, a frameshift, an inversion, a deletion, a splicing error mutation, a post- 
transcriptional processing mutation, a combination thereof, and so forth. The mutation may be 
identified by sequencing the particular oncolytic HSV, such as Synco-2D, and comparing it to a 
known wild type sequence. 

[0085] In specific embodiments, the methods and compositions of the present 
invention are useful for the treatment of malignant cells, such as, for example, to inhibit their 
spread, decrease or inhibit their replication, to eradicate them, to prevent their generation or 
proliferation, or a combination thereof. The malignant cells may be from any form of cancer, 
and they may be from a solid tumor, although other forms are treatable with methods and 
compositions herein. In a particular aspect of the invention, the methods and compositions are 
utilized to treat lung, liver, prostate, ovarian, breast, brain, pancreatic, testicular, colon, head and 
neck, melanoma, and other types of malignant cells. The invention is useful for treating 
malignant cells at any stage of a cancer disease, however, in a particular embodiment the 
invention is utilized upon metastatic stages of the disease. The invention may be utilized in 
conjunction with another means of therapy for an individual comprising malignant cells. 
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[0086] Furthermore, although conventional radiation therapy and surgery are both 
potentially curative treatment modalities for organ-confined cancer, such as prostate cancer, 
there is little effective treatment for metastatic disease, for example, particularly after androgen 
deprivation therapy fails in prostate cancer. The replication-conditional (oncolytic) viruses of 
the present invention comprising more than one cell membrane fusion capabilities are useful for 
the treatment of solid tumors, such as prostate cancer, and the present invention demonstrates 
that incorporation of cell membrane fusion capability into an oncolytic HSV significantly 
increases the antitumor potency of the virus. 

[0087] Although fusogenic oncolytic HSVs may be constructed by any means, so 
long as greater than one cell membrane fusion capability is present on the vector, in particular 
embodiments the capability for the fusogenic oncolytic HSVs was generated by one of three 
different strategies: 1) screening for syncytial phenotype from a vector, such as a well- 
established oncolytic HSV after random mutagenesis (such as for the generation of Fu-10); 2) 
insertion of the gene encoding a fusogenic gene product, such as a hyperfusogenic membrane 
glycoprotein of gibbon ape leukemia virus (GALV.fus), into the genome of an oncolytic HSV 
(such as for the generation of Synco-2); and 3) incorporation of both of these two membrane 
fusion mechanisms into a single oncolytic HSV (such as for the generation of Synco-2D). 

[0088] In particular Examples provided herein, a mouse model bearing both 
primary tumor and lung metastasis of human prostate cancer xenografts were treated with 
compositions described herein in a systemic manner. The results show that Synco-2D is a 
powerful and potent therapeutic agent on this tumor model and that intravenous administration of 
this virus led to a significant shrinkage of the primary tumor and a dramatic reduction of tumor 
nodules in the lung. These results suggest that systemic administration of this potent fusogenic 
oncolytic HSV is an effective treatment for metastatic cancer, particularly human prostate 
cancer. 

DDL Cell Membrane Fusing Polypeptides 

[0089] The present invention in some embodiments comprises at least a fusogenic 
portion of a ceil membrane fusion-inducing polypeptide, such as a viral FMG. In some 
embodiments the FMG or functional fragment thereof is present on the HSV composition as a 
nucleic acid encoding an FMG or functional fragment polypeptide. Hie polypeptide is 
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preferably capable of inducing cell membrane fusion at substantially neutral pH (such as about 
pH 6-8). 

[0090] In particular embodiments, the FMG comprises at least a fusogenic domain 
from a C-type retrovirus envelope protein, such as MLV (as an example, SEQ ID NO:7) or 
GALV (as an example, SEQ ID NO: 5). A retroviral envelope protein having a deletion of some, 
most, or all of the cytoplasmic domain is useful, because such manipulation results in 
hyperfusogenic activity for human cells. Particular modifications are introduced, in some 
embodiments, into viral membrane glycoproteins to enhance their function to induce cell 
membrane fusion. For example, truncation of the cytoplasmic domains of a number of retroviral 
and herpesvirus glycoproteins has been shown to increase their fusion activity, sometimes with a 
simultaneous reduction in the efficiency with which they are incorporated into virions (Rein et 
aU 1994; Brody et al,, 1994; Mulligan etal 7 1992; Pique et a!., 1993; Baghian et al, 1993; Gage 
etal, 1993). 

[0091] A skilled artisan recognizes that in some embodiments it is desirable to 
introduce functions into a FMG polypeptide, such as novel binding specificities or protease- 
dependencies, and thereby target their fusogenic activities to specific cell types that express the 
targeted receptors. 

[0092] Some examples of cell membrane fusing polypeptides include measles virus 
fusion protein (SEQ ID NO:8), the HIV gpl60 (SEQ ID NO:9) and STV gpl60 (SEQ ID NO:10) 
proteins, the retroviral Env protein (SEQ ID NO:l 1), the Ebola virus Gp (SEQ ID NO: 12), and 
the influenza virus haemagglutinin (SEQ ID NO: 13). 

IV. Nucleic Acid-Based Expression Systems 

[0093] The present invention is directed to an HSV vector comprising greater than 
one fusogenic mechanism. In specific embodiments, the vector comprises some or all of the 
following components. 

A. Vectors 

[0094] The term "vector" is used to refers to a carrier nucleic acid molecule into 
which a nucleic acid sequence can be inserted for introduction into a cell where it can be 
replicated. A nucleic acid sequence can be "exogenous," which means that it is foreign to the 
cell into which the vector is being introduced or that the sequence is homologous to a sequence 
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in the cell but in a position within the host cell nucleic acid in which the sequence is ordinarily 
not found. Vectors include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant 
viruses), and artificial chromosomes (e.g., YACs). One of skill in the art would be well 
equipped to construct a vector through standard recombinant techniques (see, for example, 
Maniatis et aL, 1988 and Ausubel el al, 1994, both incorporated herein by reference). 

[0095] The term "expression vector" refers to any type of genetic construct 
comprising a nucleic acid coding for a RNA capable of being transcribed In some cases, RNA 
molecules are then translated into a protein, polypeptide, or peptide. In other cases, these 
sequences are not translated, for example, in the production of antisense molecules or ribozymes. 
Expression vectors can contain a variety of "control sequences," which refer to nucleic acid 
sequences necessary for the transcription and possibly translation of an operably linked coding 
sequence in a particular host cell. In addition to control sequences that govern transcription and 
translation, vectors and expression vectors may contain nucleic acid sequences that serve other 
functions as well and are described infra. 



1 . Promoters and Enhancers 
[0096] A "promoter" is a control sequence that is a region of a nucleic acid 
sequence at which initiation and rate of transcription are controlled. It may contain genetic 
elements at which regulatory proteins and molecules may bind, such as RNA polymerase and 
other transcription factors, to initiate the specific transcription a nucleic acid sequence. The 
phrases "operatively positioned," "operatively linked," "under control," and "under 
transcriptional control" mean that a promoter is in a correct functional location and/or orientation 
in relation to a nucleic acid sequence to control transcriptional initiation and/or expression of that 
sequence. 

[0097] In specific embodiments of the present invention, a strict late viral promoter 
is utilized, which directs expression only in replicating cells, such as tumor cells. Examples of 
strict late viral promoters include UL38 (SEQ ID NO:3) and Usll (SEQ ID NO:4). SEQ ID 
NO:3 is GTGGGTTGCGGACTTTCTGCGGGGCGGCCCAAATGGCCCTTTAAACGTGT 
GTATACGGACGCGCCGGGCCAGTCGGCCAACACAACCCACCGGAGCGGTAGCCGCG 

TTTGGCTGTGGGGTGGGTGGTTCCGCCTTGCGT. SEQ ID NO:4 is 

CTTTTAAGTAAACATCTGGGTCGCCCGGCCCAACTGGGGCCGGGGGTTGGGTCTGGC 
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TCATCTCGAGAGCCACGGGGGGGAACCACCCTCCGCCCAGAGACTCGGGTGATGGT 

CGTACCCGGGACTCAACGGGTTACCGGATTACGGGGACTGTCGGTCACGGTCCCGC 

CGGTTCTTCGATGTGCCACACCCAAGGATGCGTTGGGGGCGATTTCGGGCAGCAGCC 

CGGGAGAGCGCAGCAGGGGACGCTCCGGGTCGTGCACGGCGGTTCTGGCCGCCTCC 

CGGTCCTCACGCCCCCTTTTATTG. 

[0098] A promoter generally comprises a sequence that functions to position the 
start site for RNA synthesis. The best-known example of this is the TATA box, but in some 
promoters lacking a TATA box, such as, for example, the promoter for the mammalian terminal 
deoxynucleotidyl transferase gene and the promoter for the SV40 late genes, a discrete element 
overlying the start site itself helps to fix the place of initiation. Additional promoter elements 
regulate the frequency of transcriptional initiation. Typically, these are located in the region 
30- 1 1 0 bp upstream of the start site, although a number of promoters have been shown to contain 
functional elements downstream of the start site as well. To bring a coding sequence "under the 
control of a promoter, one positions the 5' end of the transcription initiation site of the 
transcriptional reading frame "downstream" of (z.e, 3' of) the chosen promoter. The "upstream" 
promoter stimulates transcription of the DNA and promotes expression of the encoded RNA. 

[0099] The spacing between promoter elements frequently is flexible, so that 
promoter function is preserved when elements are inverted or moved relative to one another. In 
the tk promoter, the spacing between promoter elements can be increased to 50 bp apart before 
activity begins to decline. Depending on the promoter, it appears that individual elements can 
function either cooperatively or independently to activate transcription. A promoter may or may 
not be used in conjunction with an "enhancer," which refers to a cis-acting regulatory sequence 
involved in the transcriptional activation of a nucleic acid sequence. 

[0100] A promoter may be one naturally associated with a nucleic acid sequence, 
as may be obtained by isolating the 5' non-coding sequences located upstream of the coding 
segment and/or exon. Such a promoter can be referred to as "endogenous." Similarly, an 
enhancer may be one naturally associated with a nucleic acid sequence, located either 
downstream or upstream of that sequence. Alternatively, certain advantages will be gained by 
positioning the coding nucleic acid segment under the control of a recombinant or heterologous 
promoter, which refers to a promoter that is not normally associated with a nucleic acid sequence 
in its natural environment. A recombinant or heterologous enhancer refers also to an enhancer 
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not normally associated with a nucleic acid sequence in its natural environment. Such promoters 
or enhancers may include promoters or enhancers of other genes, and promoters or enhancers 
isolated from any other virus, or prokaryotic or eukaryotic cell, and promoters or enhancers not 
"naturally occurring," i.e., containing different elements of different transcriptional regulatory 
regions, and/or mutations that alter expression. For example, promoters that are most commonly 
used in recombinant DNA construction include the p-lactamase (penicillinase), lactose and 
tryptophan (trp) promoter systems. In addition to producing nucleic acid sequences of promoters 
and enhancers synthetically, sequences may be produced using recombinant cloning and/or 
nucleic acid amplification technology, including PGR™, in connection with the compositions 
disclosed herein (see U.S. Patent Nos. 4,683,202 and 5,928,906, each incorporated herein by 
reference). Furthermore, it is contemplated the control sequences that direct transcription and/or 
expression of sequences within non-nuclear organelles such as mitochondria, chloroplasts, and 
the like, can be employed as well. 

[0101] Naturally, it will be important to employ a promoter and/or enhancer that 
effectively directs the expression of the DNA segment in the organelle, cell type, tissue, organ, 
or organism chosen for expression. Those of skill in the art of molecular biology generally know 
the use of promoters, enhancers, and cell type combinations for protein expression, (see, for 
example Sambroolc et al 1989, incorporated herein by reference). The promoters employed may 
be constitutive, tissue-specific, inducible, and/or useful under the appropriate conditions to direct 
high level expression of the introduced DNA segment, such as is advantageous in the large-scale 
production of recombinant proteins and/or peptides. The promoter may be heterologous or 
endogenous. 

[0102] Additionally any promoter/enhancer combination (as per, for example, the 
Eukaryotic Promoter Data Base EPDB, http://www.epd.isb-sib.ch/) could also be used to drive 
expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another possible 
embodiment. Eukaryotic cells can support cytoplasmic transcription from certain bacterial 
promoters if the appropriate bacterial polymerase is provided, either as part of the delivery 
complex or as an additional genetic expression construct. 

[01 03] Although the methods and compositions of the present invention preferably 
utilize strict late viral promoters, for alternative embodiments Tables 1 and 2 list non-limiting 
examples of elements/promoters that may be employed, in the context of the present invention, 
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to regulate the expression of a RNA. Table 2 provides non-limiting examples of inducible 
elements, which are regions of a nucleic acid sequence that can be activated in response to a 
specific stimulus. 





TABLE 1 


Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Immunoglobulin Heavy Chain 


Banerji et al, 1983; Gilles et al, 1983; Grosschedl et al, 
1985; Atchinson et al, 1986, 1987; Imler et al, 1987; 
Weinberger et al., iyo^t, isjieajian ei ai., 1700, ruiwxi &i 
al.; 1990 


Immunoglobulin Light Chain 


Queen et al, 1983; Picard et al, 1984 


T-Cell Receptor 


Luria et al, 1987; Winoto et al, 1989; Redondo et al; 


HLA DQ a and/or DQ (3 


Sullivan etal, 1987 


p -Interferon 


Goodbouru ^ al, 1986; Fujita a/., 1987; Goodboum et 
al, 1988 


Interleukin-2 


Greene er i^oy 


JnterieuKin-z Kecepior 


Greene e/ al 1 989* Lin e/ al 1 990 


TV/TUT* r*loce TT 

JVLriL, Class JJ D 


Kochetal 1989 


MHC Class H HLA-Dra 


Sherman erf a/., 1989 


(5-Actin 


Kawamoto e/ a/., 1988; Ng a/.; 1989 


Muscle Creatine Kinase (MCK) 


Jaynes et al, 1988; Horlick et al, 1989; Johnson et al, 
1989 


Prealbumin (Transthyretin) 


Costa e/ al, 1988 


Elastase I 


Ornitze/ a/., 1987 


Metallothionein (MTII) 


Karin et al, 1987; Culotta al, 1989 


Collagenase 


Pinkert e* a/., 1987; Angel et al, 1987 


Albumin 


Pinkert et al, 1987; Tranche et al, 1989, 1990 


a-Fetoprotein 


Godbout et al, 1988; Campere al, 1989 


y-Globin 


Bodine «?/ a/., 1987; Perez-Stable et al, 1990 


P-Globin 


Trudel et al, 1987 


c-fos 


Cohen et «Z.J987 


c-HA-ras 


Triesman, 1986; Deschamps «/., 1985 
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TABLE 1 


Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Insulin 


Edhmd etaL, 1985 1 


Neural Cell Adhesion Molecule 
(JnCAM) 


Hirsch etaL, 1990 


at -Antitrypsin 


Latimer et aL, 1990 


H2B (TH2B) Histone 


Hwang et aL 9 1990 


Mouse and/or Type I Collagen 


Ripe etaL, 1989 


Glucose-Regulated Proteins 
(GRP94 and GRP78) 


Chang etaL, 1989 


Rat Growth Hormone 


Larsene/ al. y 1986 


Human Serum Amyloid A (SAA) 


Edbrooke etaL, 1989 


Trononin I CTN D 


Yutzey et aL, 1989 


Platelet-Derived Growth Factor 


Peche/a/., 1989 


(PDGF) 




Duchenne Muscular Dystrophy 


Klamut e/a/., 1990 


SV40 


Banerji et aL, 1981; Moreau et aL, 1981; Sleigh e* aL, 
1985; Firak e/ a/., 1986; Herr et aL, 1986; Imbra et aL, 
1986; Kadesch et aL, 1986; Wang ttf aL, 1986; Ondek 
a/., 1987; Kuhl et aL, 1987: Schafmer et aL, 1988 


Polyoma 


Swartzendruber et aL, 1975; Vasseur aL, 1980; Katinka 
a/., 1980, 1981; Tyndell et aL, 1981; Dandolo et aL, 
1983; de Villiers et aL, 1984; Hen et aL, 1986; Satake et 
aL, 1988; Campbell and/or Villarreal, 1988 


Retroviruses 


Kriegler et aL, 1982, 1983; Levinson et aL, 1982; Kriegler 
et aL, 1983, 1984a, b, 1988; Bosze et aL, 1986; Miksicek 
et aL, 1986; Celander et aL, 1987; Thiesen et aL, 1988; 
Celander e/ aL, 1988: Choi a/., 1988; Reisman et aL, 
1989 


Papilloma Virus 


Campo et aL, 1983; Lusky et aL, 1983; Spandidos and/or 
Wilkie, 1983; Spalholz et aL, 1985; Luslcy et aL, 1986; 
Cripe et aL, 1987; Gloss et aL, 1987; Hirochika aL, 
1987; Stephens a/., 1987 


Hepatitis B Virus 


Bulla et aL, 1986; Jameel et aL, 1986; Shaul et aL, 1987; 
Spandau aL, 1988; Vannice <?/ a/., 1988 


Human Immunodeficiency Virus 


Muesing et aL, 1987; Hauber et aL, 1988; Jakobovits et 
aL, 1988; Feng aL, 1988; Takebe «/., 1988; Rosen et 
aL, 1988; Berkhout et aL, 1989; Laspia et aL, 1989; Sharp 
aL, 1989; Braddock a/-, 1989 
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TABLE 1 
Promoter and/or Enhancer 


Promoter/Enhancer 


References 


'Cytomegalovirus (CMV) 


Weber et al, 1984; Boshart et al, 1985; Foecking et al, 
1986 


Gibbon Ape Leukemia Virus 


Holbrook et al, 1 987; Quinn et al, 1989 



TABLE 2 
Inducible Elements 


JZrlwliClll 


Inducer 


References 


MT TT 


Phorbol Ester (TFA) 
Heavy metals 


Palmiter et al, 1982; Haslinger et 
aU 1985; Searle et al, 1985; 

otuan ei ai., 170j, JULliagavva 

al, 1987, Karin et al, 1987; 
Angel et al, 1987b; McNeall et 
al, 1989 


MMTV (mouse mammary 
tumor virus) 


Glucocorticoids 


Huang et al, 1981; Lee ei al, 
1981; Majors et al, 1983; 
Chandler et al, 1983; Lee et al, 
1984; Ponta et al, 1985; Sakai et 
al, 1988 


P-Literferon 


Poly(rI)x 
Poly(rc) 


Tavernier etal, 1983 


Adenovirus 5 E2 


E1A 


Imperialee/fl/., 1984 


Collagenasc 


Phorbol Ester (TPA) 


Angel et al, 1987a 


Stromelysin 


Phorbol Ester (TPA) 


Angel et al, 1987b 


SV40 


Phorbol Ester (TPA) 


Angel etal, 1987b 


Murine MX Gene 


Interferon, Newcastle 
Disease Virus 


Hug etal, 1988 


GRP78 Gene 


A23187 


Resendezef a/., 1988 


a-2-Macro globulin 


IL-6 


KunzeM/., 1989 


Vimentin 


Serum 


Rittlinge/a/., 1989 


MHC Class I Gene H-2icb 


Interferon 


Blanar^a/.,1989 


HSP70 


E1A, SV40 Large T 
Antigen 


Taylor et al, 1989, 1990a, 1990b 
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TABLE 2 

Inducible Elements 


Element 


Inducer 


References 


Proliferin 


Phorbol Ester-TPA 


Mordacqefa/., 1989 


Tumor Necrosis Factor a 


PMA 


Hensele/a/., 1989 


Thyroid Stimulating 
Hormone a Gene 


Thyroid Hormone 


Chatterjee et al, 1989 



[0104] The identity of tissue-specific promoters or elements, as well as assays to 
characterize their activity, is well known to those of skill in the art. Nonlimiting examples of 
such regions include the human LIMK2 gene (Nomoto et al 1999), the somatostatin receptor 2 
gene (Kraus et al, 1998), murine epididymal retinoic acid-binding gene (Lareyre et al, 1999), 
human CD4 (Zhao-Emonet et al, 1998), mouse alpha2 (XI) collagen (Tsumaki, et al., 1998), 
Dl A dopamine receptor gene (Lee, et al 9 1997), insulin-like growth factor II (Wu et al, 1997), 
and .human platelet endothelial cell adhesion molecule-1 (Almendro et al, 1996). 



2. Initiation Signals and Internal Ribosome Binding Sites 
[0105] A specific initiation signal also may be required for efficient translation of 
coding sequences. These signals include the ATG initiation codon or adjacent sequences. 
Exogenous translational control signals, including the ATG initiation codon, may need to be 
provided. One of ordinary skill in the art would readily be capable of determining tins and 
providing the necessary signals. It is well known that the initiation codon must be "in-frame" 
with the reading frame of the desired coding sequence to ensure translation of the entire insert. 
The exogenous translational control signals and initiation codons can be either natural or 
synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate 
transcription enhancer elements. 

[0106] In certain embodiments of the invention, the use of internal ribosome entry 
sites (IRES) elements are used to create multigene, or polycistronic, messages. IRES elements 
are able to bypass the ribosome scanning model of 5' methylated Cap dependent translation and 
begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES elements from two 
members of the picomavirus family (polio and encephalomyocarditis) have been described 
(Pelletier and Sonenberg, 1988), as well an IRES from a mammalian message (Macejak and 
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Samow, 1991). IRES elements can be linked to heterologous open reading frames. Multiple 
open reading frames can be transcribed together, each separated by an IRES, creating 
polycistronic messages. By virtue of the IRES element, each open reading frame is accessible to 
ribosomes for efficient translation. Multiple genes can be efficiently expressed using a single 
promoter/enhancer to transcribe a single message (see U.S. Patent Nos. 5,925,565 and 5,935,819, 
each herein incorporated by reference). 

3. Multiple Cloning Sites 

[0107] Vectors can include a multiple cloning site (MCS), which is a nucleic acid 
region that contains multiple restriction enzyme sites, any of which can be used in conjunction 
with standard recombinant technology to digest the vector (see, for example, Carbonelli et aU 
1999, Levenson et al t 1998, and Cocea, 1997, incorporated herein by reference.) "Restriction 
enzyme digestion" refers to catalytic cleavage of a nucleic acid molecule with an enzyme that 
functions only at specific locations in a nucleic acid molecule. Many of these restriction 
enzymes are commercially available. Use of such enzymes is widely understood by those of 
skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme that 
cuts within the MCS to enable exogenous sequences to be ligated to the vector. "Ligation" refers 
to the process of fonning phosphodiester bonds between two nucleic acid fragments, which may 
or may not be contiguous with each other. Techniques involving restriction enzymes and 
ligation reactions are well known to those of skill in the art of recombinant technology. 

4. Splicing Sites 

[0108] Most transcribed eukaryotic RNA molecules will undergo RNA splicing to 
remove introns from the primary transcripts. Vectors containing genomic eukaryotic sequences 
may require donor and/or acceptor splicing sites to ensure proper processing of the transcript for 
protein expression (see, for example, Chandler et aL, 1997, herein incorporated by reference.) 

5. Termination Signals 

[0109] The vectors or constructs of the present invention will generally comprise at 
least one termination signal. A "termination signal" or "terminator" is comprised of the DNA 
sequences involved in specific termination of an RNA transcript by an RNA polymerase. Thus, 
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in certain embodiments a termination signal that ends the production of an RNA transcript is 
contemplated. A terminator may be necessary in vivo to achieve desirable message levels. 

[0110] In eukaryotic systems, the terminator region may also comprise specific 
DNA sequences that permit site-specific cleavage of the new transcript so as to expose a 
polyadenylation site. This signals a specialized endogenous polymerase to add a stretch of about 
200 A residues (poly A) to the 3' end of the transcript. RNA molecules modified with this polyA 
tail appear to more stable and are translated more efficiently. Thus, in other embodiments 
involving eukaryotes, it is preferred that that terminator comprises a signal for the cleavage of 
the RNA, and it is more preferred that the terminator signal promotes polyadenylation of the 
message. The terminator and/or polyadenylation site elements can serve to enhance message 
levels and to minimize read through from the cassette into other sequences. 

[0111] Terminators contemplated for use in the invention include any known 
terminator of transcription described herein or known to one of ordinary skill in the art, including 
but not limited to, for example, the termination sequences of genes, such as for example the 
bovine growth hormone terminator or viral termination sequences, such as for example the SV40 
terminator. In certain embodiments, the tennination signal may be a lack of transcribable or 
translatable sequence, such as due to a sequence truncation. 

6. Polyadenylation Signals 

[0112] In expression, particularly eukaryotic expression, one will typically include 
a polyadenylation signal to effect proper polyadenylation of the transcript. The nature of the 
polyadenylation signal is not believed to be crucial to the successful practice of the invention, 
and any such sequence may be employed. Preferred embodiments include the SV40 
polyadenylation signal or the bovine growth hormone polyadenylation signal, convenient and 
known to function well in various target cells. Polyadenylation may increase the stability of the 
transcript or may facilitate cytoplasmic transport. 

7. Origins of Replication 

[0113] In order to propagate a vector in a host cell, it may contain one or more 
origins of replication sites (often termed "ori"), which is a specific nucleic acid sequence at 
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which replication is initiated. Alternatively an autonomously replicating sequence (ARS) can be 
employed if the host cell is yeast. 

8. Selectable and Screenable Markers 
[0114] Tn certain embodiments of the invention, cells containing a nucleic acid 
construct of the present invention may be identified in vitro or in vivo by including a marker in 
the expression vector. Such markers would confer an identifiable change to the cell permitting 
easy identification of cells containing the expression vector. Generally, a selectable marker is 
one that confers a property that allows for selection. A positive selectable marker is one in 
which the presence of the marker allows for its selection, while a negative selectable marker is 
one in which its presence prevents its selection. An example of a positive selectable marker is a 
drug resistance marker. 

[0115] Usually the inclusion of a drug selection marker aids in the cloning and 
identification of transformants, for example, genes that confer resistance to neomycin, 
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. In 
addition to markers conferring a phenotype that allows for the discrimination of transformants 
based on the implementation of conditions, other types of markers including screenable markers 
such as GFP, whose basis is colorimetric analysis, are also contemplated. Alternatively, 
screenable enzymes such as herpes simplex virus thymidine kinase (tk) or chloramphenicol 
acetyltransferase (CAT) may be utilized. One of skill in the art would also know how to employ 
immunologic markers, possibly in conjunction with FACS analysis. The marker used is not 
believed to be important, so long as it is capable of being expressed simultaneously with the 
nucleic acid encoding a gene product. Further examples of selectable and screenable markers are 
well known to one of skill in the art. 

B. Vector Delivery and Cell Transformation 

[0116] In specific embodiments of the present invention, a vector is propagated 
from the initially infected cell to surrounding cells. 
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[0117] The vector is introduced to the initially infected cell by suitable methods. 
Such methods for nucleic acid delivery for transformation of an organelle, a cell, a tissue or an 
organism for use with the current invention are believed to include virtually any method by 
which a nucleic acid {e.g., HSV vector) can be introduced into an organelle, a cell, a tissue or an 
organism, as described herein or as would be known to one of ordinary skill in the art. Such 
methods include, but are not limited to, direct delivery of DNA such as by ex vivo transfection 
(Wilson et al, 1989, Nabel ei al, 1989), by injection (U.S. Patent Nos. 5,994,624, 5,981,274, 
5,945,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,859, each 
incorporated herein by reference), including microinjection (Harlan and Weintraub, 1985; U.S. 
Patent No. 5,789,215, incorporated herein by reference); by electroporation (U.S. Patent No. 
5,384,253, incorporated herein by reference; Tur-Kaspa et al, 1986; Potter et al, 1984); by 
calcium phosphate precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987; 
Rippe et al, 1990); by using DEAE-dextran followed by polyethylene glycol (Gopal, 1985); by 
direct sonic loading (Fechheimer et al, 1987); by liposome mediated transfection (Nicolau and 
Sene, 1982; Fraleye* al, 1979; Nicolau et al, 1987; Wong** al, 1980; Kanedae* al t 19S9; 
Kato et al f 1991) and receptor-mediated transfection (Wu and Wu, 1987; Wu and Wu, 1988); by 
microprojectile bombardment (PCT Application Nos. WO 94/09699 and 95/06128; U.S. Patent 
Nos. 5,610,042; 5,322,783 5,563,055, 5,550,318, 5,538,877 and 5,538,880, and each 
incorporated herein by reference); by agitation with silicon carbide fibers (Kaeppler et al, 1990; 
U.S. Patent Nos. 5,302,523 and 5,464,765, each incorporated herein by reference); by 
Agrobacterium-mediated transformation (U.S. Patent Nos. 5,591,616 and 5,563,055, each 
incorporated herein by reference); by PEG-mediated transformation of protoplasts (Omirulleh et 
al, 1993; U.S. Patent Nos. 4,684,61 1 and 4,952,500, each incorporated herein by reference); by 
desiccation/inhibition-mediated DNA uptake (Potrykusef al, 1985), and any combination of 
such methods. Through the application of techniques such as these, organelle(s), cell(s), 
tissue(s) or organism(s) may be stably or transiently transformed. The composition may also be 
delivered to a cell by administering it systemically, such as intravenously, in a pharmaceutically 
acceptable excipient to a mammal comprising the cell. 

1. Ex Vivo Transformation 
[0118] Methods for tranfecting vascular cells and tissues removed from an 
organism in an ex vivo setting are known to those of skill in the art. For example, carmine 
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endothelial cells have been genetically altered by retrovzal gene tranfer in vitro and transplanted 
into a canine (Wilson et aL, 1939). In another example, yucatan minipig endothelial cells were 
tranfected by retrovirus in vitro and transplated into an artery using a double-ballonw catheter 
(Nabel et al, 1989). Thus, it is contemplated that cells or tissues may be removed and tranfected 
ex vivo using the nucleic acids of the present invention. In particular aspects, the transplanted 
cells or tissues may be placed into an organism. In preferred facets, a nucleic acid is expressed 
in the transplated cells or tissues. 

2. Injection 

[01191 In certain embodiments, a nucleic acid may be delivered to an organelle, a 
cell, a tissue or an organism via one or more injections (i.e., a needle injection), such as, for 
example, subcutaneously, intradermally, intramuscularly, intervenously, intraperitoneally, etc. 
Methods of injection of vaccines are well known to those of ordinary skill in the art (e.g., 
injection of a composition comprising a saline solution). Further embodiments of the present 
invention include the introduction of a nucleic acid by direct microinjection. Direct 
microinjection has been used to introduce nucleic acid constructs into Xenopus oocytes (Harland 
and Weintraub, 1985). The amount of cell membrane fusion-generating HSV used may vary 
upon the nature of the, cell, tissue or organism affected. 

3- Electroporation 

[01 2D] In certain embodiments of the present invention, a nucleic acid is 
introduced into an organelle, a cell, a tissue or an organism via electroporation. Electroporation 
involves the exposure of a suspension of cells and DNA to a high-voltage electric discharge. In 
some variants of this method, certain cell wall -degrading enzymes., such as pectin-degrading 
enzymes, are employed to render the target recipient cells more susceptible to transformation by 
electroporation than untreated cells (U.S. Patent No. 5,384,253, incorporated herein by 
reference). Alternatively, recipient cells can be made more susceptible to transformation by 
mechanical wounding. 

[0121] Transfection of eukaryotic cells using electroporation has been quite 
successful. Mouse pre-B lymphocytes have been transfected with human 
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kappa-immunoglobulin genes (Potter ef al, 1984), and rat hepatocytes have been transfected 
with the chloramphenicol acetyltransferase gene (Tur-Kaspa et al, 1986) in this manner. 

4. Calcium Phosphate 

[0122] In other embodiments of the present invention, a nucleic acid is introduced 
to the cells using calcium phosphate precipitation. Human KB cells have been transfected with 
adenovirus 5 DNA (Graham and Van Der Eb, 1973) using this technique. Also in this manner, 
mouse L(A9), mouse C127, CHO, CV-1, BHK, NIH3T3 and HeLa cells were transfected with a 
neomycin marker gene (Chen and Okayama, 1987), and rat hepatocytes were transfected with a 
variety of marker genes (Rippe et al, 1990). 

5. DEAE-Dextran 

[0123] In another embodiment, a nucleic acid is delivered into a cell using 
DEAE-dextran followed by polyethylene glycol. In this manner, reporter plasmids were 
introduced into mouse myeloma and erythroleukemia cells (Gopal, 1985). 

6. Sonication Loading 

[01 24 J Additional embodiments of the present invention include the introduction of 
a nucleic acid by direct sonic loading. LTK" fibroblasts have been transfected with the 
thymidine kinase gene by sonication loading (Fechlieimer et al, 1987). 

7. Liposome-Mediated Transfection 

[0125] In a further embodiment of the invention, a nucleic acid, such as an 
oncolytic HSV, may be entrapped in a lipid complex such as, for example, a liposome. 
Liposomes are vesicular structures characterized by a phospholipid bilayer membrane and an 
inner aqueous medium. Multilamellar liposomes have multiple lipid layers separated by aqueous 
medium. They form spontaneously when phospholipids are suspended in an excess of aqueous 
solution. The lipid components undergo self-rearrangement before the formation of closed 
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh and 
Bachhawat, 1991). Also contemplated is an nucleic acid complexed with Lipofectamine (Gibco 
BRL) or Superfect (Qiagen). 
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[0126] Liposome-mediated nucleic acid delivery and expression of foreign DNA in 
vitro has been very successful (Nicolau and Sene, 1982; Fraley et al, 1979; Nicolau et al, 1987). 
The feasibility of liposome-mediated delivery and expression of foreign DNA in cultured chick 
embryo, HeLa and hepatoma cells has also been demonstrated (Wong et al, 1980). 

[0127] In certain embodiments of the invention, a liposome may be complexed 
with a hemagglutinatin virus (HVJ). This has been shown to facilitate fusion with the cell 
membrane and promote cell entry of Iiposome-encapsulated DNA (Kanedaef al, 1989). In 
other embodiments, a liposome may be complexed or employed in conjunction with nuclear 
non-histone chromosomal proteins (HMG-1) (Kato et al, 1991). In yet further embodiments, a 
liposome may be complexed or employed in conjunction with both HVJ and HMG-1 . In other 
embodiments, a delivery vehicle may comprise a ligand and a liposome. 

8. Receptor Mediated Transfection 
[0128] Still further, a nucleic acid may be delivered to a target cell via 
receptor-mediated delivery vehicles. These take advantage of the selective uptake of 
macromolecules by receptor-mediated endocytosis that will be occurring in a target cell. In view 
of the cell type-specific distribution of various receptors, this delivery method adds another 
degree of specificity to the present invention. 

[0129] Certain receptor-mediated gene targeting vehicles comprise a cell 
receptor-specific ligand and a nucleic acid-binding agent. Others comprise a cell 
receptor-specific ligand to which the nucleic acid to be delivered has been operatively attached. 
Several ligands have been used for receptor-mediated gene transfer (Wu and Wu, 1987; 
Wagner al, 1990; Peralese/ al, 1994; Myers, EPO 0273085), which establishes the 
operability of the technique. Specific delivery in the context of another mammalian ceil type has 
been described (Wu and Wu, 1993; incorporated herein by reference). In certain aspects of the 
present invention, a ligand will be chosen to correspond to a receptor specifically expressed on 
the target cell population. 

[0130] In other embodiments, a nucleic acid delivery vehicle component of a 
cell-specific nucleic acid targeting vehicle may comprise a specific binding ligand in 
combination with a liposome. The nucleic acid(s) to be delivered are housed within the liposome 
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and the specific binding ligand is functionally incorporated into the liposome membrane. The 
liposome will thus specifically bind to the receptor(s) of a target cell and deliver the contents to a 
cell. Such systems have been shown to be functional using systems in which, for example, 
epidermal growth factor (EGF) is used in the receptor-mediated delivery of a nucleic acid to cells 
that exhibit upregulation of the EGF receptor. 

[0131] In still further embodiments, the nucleic acid delivery vehicle component of 
a targeted delivery vehicle may be a liposome itself, which will preferably comprise one or more 
lipids or glycoproteins that direct cell-specific binding. For example, lactosyl-ceramide, a 
galactose-terminal asialganglioside, have been incorporated into liposomes and observed an 
increase in the uptake of the insulin gene by hepatocytes (Nicolauer al, 1987). It is 
contemplated that the tissue-specific transfonriing constructs of the present invention can be 
specifically delivered into a target cell in a similar manner. 

9. Microprojectile Bombardment 
[0132) Microprojectile bombardment techniques can be used to introduce a nucleic 
acid into at least one, organelle, cell, tissue or organism (U.S. Patent No. 5,550 5 318; U.S. Patent 
No. 5,538,880; U.S. Patent No. 5,610,042; and PCT Application WO 94/09699; each of which is 
incorporated herein by reference). This method depends on the ability to accelerate DNA-coated 
microprojectiles to a high velocity allowing them to pierce cell membranes and enter cells 
without killing them (Klein et al, 1987). There are a wide variety of microprojectile 
bombardment techniques known in the art, many of which are applicable to the invention. 

[0133] In this microprojectile bombardment, one or more particles may be coated 
with at least one nucleic acid and delivered into cells by a propelling force. Several devices for 
accelerating small particles have been developed. One such device relies on a high voltage 
discharge to generate an electrical current, which in turn provides the motive force (Yang et al, 
1990). The microprojectiles used have consisted of biologically inert substances such as 
tungsten or gold particles or beads. Exemplary particles include those comprised of tungsten, 
platinum, and preferably, gold. It is contemplated that in some instances DNA precipitation onto 
metal particles would not be necessary for DNA delivery to a recipient cell using microprojectile 
bombardment. However, it is contemplated that particles may contain DNA rather than be 
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coated with DNA. DNA-coated particles may increase the level of DNA delivery via particle 
bombardment but are not, in and of themselves, necessary. 

[0134] For the bombardment, cells in suspension are concentrated on filters or 
solid culture medium. Alternatively, immature embryos or other target cells may be arranged on 
solid culture medium. The cells to be bombarded are positioned at an appropriate distance below 
the macroprojectile stopping plate. 

[0135] An illustrative embodiment of a method for delivering DNA into a cell 
(e.g., a plant cell) by acceleration is the Biolistics Particle Delivery System, which can be used to 
propel particles coated with DNA or cells through a screen, such as a stainless steel or Nytex 
screen, onto a filter surface covered with cells, such as for example, a monocot plant cells 
cultured in suspension. The screen disperses the particles so that they are not delivered to the 
recipient cells in large aggregates. It is believed that a screen intervening between the projectile 
apparatus and the cells to be bombarded reduces the size of projectiles aggregate and may 
contribute to a higher frequency of transformation by reducing the damage inflicted on the 
recipient cells by projectiles that are too large. 

C. Host Cells 

[0136] As used herein, the terms "cell " "cell line," and "cell culture" may be used 
interchangeably. All of these terms also include their progeny, which is any and all subsequent 
generations. It is understood that all progeny may not be identical due to deliberate or 
inadvertent mutations. In the context of expressing a heterologous nucleic acid sequence, "host 
cell" refers to a prokaryotic or eukaryotic cell, and it includes any transformable organism that is 
capable of replicating a vector and/or expressing a heterologous gene encoded by a vector. A 
host cell can, and has been, used as a recipient for vectors. A host cell may be tl transfected" or 
"transformed " which refers to a process by which exogenous nucleic acid is transferred or 
introduced into the host cell. A transformed cell includes the primary subject cell and its 
progeny. As used herein, the terms "engineered" and "recombinant" cells or host cells are 
intended to refer to a cell into which an exogenous nucleic acid sequence, such as, for example, a 
vector, has been introduced. Therefore, recombinant cells are distinguishable from naturally 
occurring cells that do not contain a recombinantly introduced nucleic acid. 
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[0137] In certain embodiments, it is contemplated that RNAs or proteinaceous 
sequences may be co-expressed with other selected RNAs or proteinaceous sequences in the 
same host cell. Co-expression may be achieved by co-transfecting the host cell with two or more 
distinct recombinant vectors. Alternatively, a single recombinant vector may be constructed to 
include multiple distinct coding regions for RNAs, which could then be expressed in host cells 
transfected with the single vector. 

[0138] A tissue may comprise a host cell or cells to be transformed with a cell 
membrane fusion-generating HSV. The tissue may be part or separated from an organism. In 
certain embodiments, a tissue may comprise, but is not limited to, adipocytes, alveolar, 
ameloblasts, axon, basal cells, blood (e.g., lymphocytes), blood vessel, bone, bone marrow, 
brain, breast, cartilage, cervix, colon, cornea, embryonic, endometrium, endothelial, epithelial, 
esophagus, facia, fibroblast, follicular, ganglion cells, glial cells, goblet cells, kidney, liver, lung, 
lymph node, muscle, neuron, ovaries, pancreas, peripheral blood, prostate, skin, skin, small 
intestine, spleen, stem cells, stomach, testes, and all cancers thereof. 

[0139] In certain embodiments, the host cell or tissue may be comprised in at least 
one organism. In certain embodiments, the organism may be, but is not limited to, a prokayote 
(e.g., a eubacteria, an archaea) or an eukaryote, as would be understood by one of ordinary skill 
in the art. 

[0140] Numerous cell lines and cultures are available for use as a host cell, and 
they can be obtained through the American Type Culture Collection (ATCC), which is an 
organization that serves as an archive for living cultures and genetic materials. An appropriate 
host can be determined by one of skill in the art based on the vector backbone and the desired 
result. A plasmid or cosmid, for example, can be introduced into a prokaryote host cell for 
replication of many vectors. Cell types available for vector replication and/or expressioninclude, 
but are not limited to, bacteria, such as E. coli {e.g., E. coli strain RR1, E. coli LE392, E. coliB, 
E. coli X 1776 (ATCC No. 31537) as well as E. coli W3110 (F-, lambda-, prototrophic. ATCC 
No. 273325), DH5a, JM109, and KC8, bacilli such as Bacillus subtilis; and other 
enterobacteriaceae such as Salmonella typhimurium, Serratia marcescens, various Pseudomonas 
specie, as well as a number of commercially available bacterial hosts such as SURE® Competent 
Cells and Solopack™ Gold Cells (Stratagene®, La Jolla). In certain embodiments, bacterial 
cells such as E. coli LE392 are particularly contemplated as host cells for phage viruses. 
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[0141] Examples of eukaryotic host cells for replication and/or expression of a 
vector include, but are not limited to, HeLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. 
Many host cells from various cell types and organisms are available and would be known to one 
of skill in the art. Similarly, a viral vector may be used in conjunction with either a eukaryotic or 
prokaryotic host cell, particularly one that is permissive for replication or expression of the 
vector. 

[0142] Some vectors may employ control sequences that allow it to be replicated 
and/or expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further 
understand the conditions under which to incubate all of the above described host cells to 
maintain them and to permit replication of a vector. Also understood and known are techniques 
and conditions that would allow large-scale production of vectors, as well as production of the 
nucleic acids encoded by vectors and their cognate polypeptides, proteins, or peptides. 

D. Expression Systems 

[0143] Expression systems may be utilized in the generation of compositions of the 
present invention. Numerous expression systems exist that comprise at least a part or all of the 
compositions discussed above. Prokaryote- and/or eukaryote-based systems can be employed for 
use with the present invention to produce nucleic acid sequences, or their cognate polypeptides, 
proteins and peptides. Many such systems are commercially and widely available. 

[0144] The insect cell/baculovirus system can produce a high level of protein 
expression of a heterologous nucleic acid segment, such as described in U.S. Patent No. 
5,871,986, 4,879,236, both herein incorporated by reference, and which can be bought, for 
example, under the name MaxBac® 2.0 from Invitrogen® and BacPack™ Baculovirus 
Expression System From Clontech®. 

[0145] Other examples of expression systems include Stratagene®'s Complete 
Control™ Inducible Mammalian Expression System, which involves a synthetic ecdysone- 
inducible receptor, or its pET Expression System, an £. coli expression system. Another 
example of an inducible expression system is available from INVITROGEN®, which carries the T- 
Rex™ (tetracycline-regulated expression) System, an inducible mammalian expression system 
that uses the full-length CMV promoter. Invitrogen® also provides a yeast expression system 
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called the Pichia methanolica Expression System, which is designed for high-level production of 
recombinant proteins in the methylotrophic yeast Pichia methanolica. One of skill in the art 
would know how to express a vector, such as an expression construct, to produce a nucleic acid 
sequence or its cognate polypeptide, protein, or peptide. 

[0146] It is contemplated that the proteins, polypeptides or peptides produced by 
the methods of the invention may be "overexpressed", i.e., expressed in increased levels relative 
to its natural expression in cells. Such overexpression may be assessed by a variety of methods, 
including radio-labeling and/or protein purification. However, simple and direct methods are 
preferred, for example, those involving SDS/PAGE and protein staining or western blotting, 
followed by quantitative analyses, such as densitometric scanning of the resultant gel or blot. A 
specific increase in the level of the recombinant protein, polypeptide or peptide in comparison to 
the level in natural cells is indicative of overexpression, as is a relative abundance of the specific 
protein, polypeptides or peptides in relation to the other proteins produced by the host cell 
and, e.g., visible on a gel. 

[0147] In some embodiments, the expressed proteinaceous sequence forms an 
inclusion body in the host cell, the host cells are lysed, for example, by disruption in a cell 
homogenizer, washed and/or centrifuged to separate the dense inclusion bodies and cell 
membranes from the soluble cell components. This centrifugation can be performed under 
conditions whereby the dense inclusion bodies are selectively enriched by incorporation of 
sugars, such as sucrose, into the buffer and centrifugation at a selective speed. Inclusion bodies 
may be solubilized in solutions containing high concentrations of urea (e.g. 8M) or chaotropic 
agents such as guanidine hydrochloride in the presence of reducing agents, such as 
[3-mercaptoethanol or DTT (dithiothreitol), and refolded into a more desirable conformation, as 
would be known to one of ordinary skill in the art. 

V. Mutagenesis 

[0148] In specific embodiments of the present invention, a vector, such as a non- 
fusogenic conditionally replicating oncolytic HSV, is mutagenized to generate a fusogenic HSV 
vector. Where employed, mutagenesis is accomplished by a variety of standard mutagenic 
procedures. Mutation is the process whereby changes occur in the quantity or structure of an 
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organism. Mutation can involve modification of the nucleotide sequence of a single gene, blocks 
of genes or whole chromosome. Changes in single genes may be the consequence of point 
mutations that involve the removal, addition or substitution of a single nucleotide base within a 
DNA sequence, or they may be the consequence of changes involving the insertion or deletion of 
large numbers of nucleotides. 

[0149] Mutations can arise spontaneously as a result of events such as errors in the 
fidelity of DNA replication or the movement of transposable genetic elements (transposons) 
within the genome. They also are induced following exposure to chemical or physical mutagens. 
Such mutation-inducing agents include ionizing radiations, ultraviolet light and a diverse array of 
chemical such as alkylating agents and polycyclic aromatic hydrocarbons all of which are 
capable of interacting either directly or indirectly (generally following some metabolic 
biotransformations) with nucleic acids. The DNA lesions induced by such environmental agents 
may lead to modifications of base sequence when the affected DNA is replicated or repaired and 
thus to a mutation. Mutation also can be site-directed through the use of particular targeting 
methods. 

A. Random Mutagenesis 

1. lnsertional Mutagenesis 
[01501 lnsertional mutagenesis is based on the inactivation of a gene via insertion 
of a known DNA fragment. Because it involves the insertion of some type of DNA fragment, 
the mutations generated are generally loss-of-function, rather than gain-of-function mutations. 
However, there are several examples of insertions generating gain-of-function mutations 
(Oppenheimer et al 1991). Insertion mutagenesis has been very successful in bacteria and 
Drosophila (Cooley et al 1 988) and recently has become a powerful tool in corn (Schmidt et al 
1987); Arabidopsis; (Marks et al, 1991; Koncz et al 1990); and Antirrhinum (Sommer et al 
1990). 

[0151] Transposable genetic elements are DNA sequences that can move 
(transpose) from one place to another in the genome of a cell. The first transposable elements to 
be recognized were the Activator/Dissociation elements of Zea mays (McClintock, 1957). Since 
then, they have been identified in a wide range of organisms, both prokaryotic and eukaryotic. 
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[0152] Transposable elements in the genome are characterized by being flanked by 
direct repeats of a short sequence of DNA that has been duplicated during transposition and is 
called a target site duplication. Virtually all transposable elements whatever their type, and 
mechanism of transposition, make such duplications at the site of their insertion. In some cases 
the number of bases duplicated is constant , in other cases it may vary with each transposition 
event. Most transposable elements have inverted repeat sequences at their termini, these 
terminal inverted repeats may be anything from a few bases to a few hundred bases long and in 
many cases they are known to be necessary for transposition. 

[0153] Prokaryotic transposable elements have been most studied in E. coli and 
Gram negative bacteria, but also are present in Gram positive bacteria. They are generally 
termed insertion sequences if they are less than about 2 kB long, or transposons if they are 
longer. Bacteriophages such as mu and D108, which replicate by transposition, make up a third 
type of transposable element, elements of each type encode at least one polypeptide a 
transposase, required for their own transposition. Transposons often further include genes 
coding for function unrelated to transposition, for example, antibiotic resistance genes. 

[0154] Transposons can be divided into two classes according to their structure. 
First, compound or composite transposons have copies of an insertion sequence element at each 
end, usually in an inverted orientation. These transposons require transposases encoded by one 
of their terminal IS elements. The second class of transposon have terminal repeats of about 30 
base pairs and do not contain sequences from IS elements. 

[0155] Transposition usually is either conservative or replicativc, although in some 
cases it can be both. In replicative transposition, one copy of the transposing element remains at 
the donor site, and another is inserted at the target site. In conservative transposition, the 
transposing element is excised from one site and inserted at another. 

[0156] Eukaryotic elements also can be classified according to their structure and 
mechanism of transportation. The primary distinction is between elements that transpose via an 
RNA intermediate, and elements that transpose directly from DNA to DNA. 

[0157] Elements that transpose via an RNA intermediate often are referred to as 
retrotransposons, and their most characteristic feature is that they encode polypeptides that are 
believed to have reverse transcriptionase activity. There are two types of retrotransposon. Some 
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resemble the integrated proviral DNA of a retrovirus in that they have long direct repeat 
sequences, long terminal repeats (LTRs), at each end. The similarity between these 
retrotransposons and proviruses extends to their coding capacity. They contain sequences related 
to the gag and pol genes of a retrovirus, suggesting that they transpose by a mechanism related to 
a retroviral life cycle. Retrotransposons of the second type have no terminal repeats. They also 
code for gag- and />o/-like polypeptides and transpose by reverse transcription of RNA 
intermediates, but do so by a mechanism that differs from that or retrovirus-] ike elements. 
Transposition by reverse transcription is a replicative process and does not require excision of an 
element from a donor site. 

[0158] Transposable elements are an important source of spontaneous mutations, 
and have influenced the ways in which genes and genomes have evolved. They can inactivate 
genes by inserting within them, and can cause gross chromosomal rearrangements either directly, 
through the activity of their transposases, or indirectly, as a result of recombination between 
copies of an element scattered around the genome. Transposable elements that excise often do 
so imprecisely and may produce alleles coding for altered gene products if the number of bases 
added or deleted is a multiple of three. 

[0159] Transposable elements themselves may evolve in unusual ways. If they 
were inherited like other DNA sequences, then copies of an element in one species would be 
more like copies in closely related species than copies in more distant species. This is not always 
the case, suggesting that transposable elements are occasionally transmitted horizontally from 
one species to another. 

2. Chemical mutagenesis 

[0160] Chemical mutagenesis offers certain advantages, such as the ability to find a 
full range of mutant alleles with degrees of phenotypic severity, and is facile and inexpensive to 
perform. The majority of chemical carcinogens produce mutations in DNA. Benzo[a]pyrene, N~ 
acetoxy-2-acetyl aminofluorene and aflotoxin Bl cause GC to TA transversions in bacteria and 
mammalian cells. Benzo[a]pyrene also can produce base substitutions such as AT to TA. N- 
nitroso compounds produce GC to AT transitions. Alkylation of the 04 position of thymine 
induced by exposure to n-nitrosoureas results in TA to CG transitions. 
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[0161] A high correlation between mutagenicity and carcinogenity is the 
underlying assumption behind the Ames test (McCann et aL, 1975) which speedily assays for 
mutants in a bacterial system, together with an added rat liver homogenate, which contains the 
microsomal cytochrome P450. to provide the metabolic activation of the mutagens where 
needed. 

[0162] In vertebrates, several carcinogens have been found to produce mutation in 
the ras proto-oncogene. N-nitroso-N-methyl urea induces mammary, prostate and other 
carcinomas in rats with the majority of the tumors showing a G to A transition at the second 
position in codon 12 of the Ha-ras oncogene. Benzo[a]pyrene-induced skin tumors contain A to 
T transformation in the second codon of the Ha-ras gene. 

3. Radiation Mutagenesis 
[01 63] The integrity of biological molecules is degraded by the ionizing radiation. 
Adsorption of the incident energy leads to the formation of ions and free radicals, and breakage 
of some covalent bonds. Susceptibility to radiation damage appears quite variable between 
molecules, and between different crystalline forms of the same molecule. It depends on the total 
accumulated dose, and also on the dose rate (as once free radicals are present, the molecular 
damage they cause depends on their natural diffusion rate and thus upon real time). Damage is 
reduced and controlled by making the sample as cold as possible. 

[0164] Ionizing radiation causes DNA damage and cell killing, generally 
proportional to the dose rate. Ionizing radiation has been postulated to induce multiple 
biological effects by direct interaction with DNA, or through the formation of free radical 
species leading to DNA damage (Hall, 1988). These effects include gene mutations, malignant 
transformation, and cell killing. Although ionizing radiation has been demonstrated to induce 
expression of certain DNA repair genes in some prokaryotic and lower eukaryotic cells, little is 
known about the effects of ionizing radiation on the regulation of mammalian gene expression 
(Borek, 1985). Several studies have described changes in the pattern of protein synthesis 
observed after irradiation of mammalian cells. For example, ionizing radiation treatment of 
human malignant melanoma cells is associated with induction of several unidentified proteins 
(Boothman et aU 1989). Synthesis of cyclin and co-regulated polypeptides is suppressed by 
ionizing radiation in rat REF52 cells, but not in onco gene-transformed REF52 cell lines 
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(Lambert and Borek, 1988). Other studies have demonstrated that certain growth factors or 
cytokines may be involved in x-ray-induced DNA damage. In this regard, platelet-derived 
growth factor is released from endothelial cells after irradiation (Witte, et al 9 1989). 

[0165] In the present invention, the term "ionizing radiation" means radiation 
comprising particles or photons that have sufficient energy or can produce sufficient energy via 
nuclear interactions to produce ionization (gain or loss of electrons). An exemplary and 
preferred ionizing radiation is an x-radiation. The amount of ionizing radiation needed in a given 
cell generally depends upon the nature of that cell. Typically, an effective expression-inducing 
dose is less than a dose of ionizing radiation that causes cell damage or death directly. Means for 
determining an effective amount of radiation are well known in the art. 

[0166] In a certain embodiments, an effective expression inducing amount is from 
about 2 to about 30 Gray (Gy) administered at a rate of from about 0.5 to about 2 Gy/minute. 
Even more preferably, an effective expression inducing amount of ionizing radiation is from 
about 5 to about 15 Gy. In other embodiments, doses of 2-9 Gy are used in single doses. An 
effective dose of ionizing radiation may be from 10 to 100 Gy, with 15 to 75 Gy being preferred, 
and 20 to 50 Gy being more preferred. 

[0167] Any suitable means for delivering radiation to a tissue may be employed in 
the present invention in addition to external means. For example, radiation may be delivered by 
first providing a radiolabeled antibody that immunoreacts with an antigen of the tumor, followed 
by delivering an effective amount of the radiolabeled antibody to the tumor. In addition, 
radioisotopes may be used to deliver ionizing radiation to a tissue or cell. 



4. In vitro Scanning Mutagenesis 
[0168] Random mutagenesis also may be introduced using error prone PCR 
(Cadwell and Joyce, 1992). The rate of mutagenesis may be increased by performing PCR in 
multiple tubes with dilutions of templates. 

[0169] One particularly useful mutagenesis technique is alanine scanning 
mutagenesis in which a number of residues are substituted individually with the amino acid 
alanine so that the effects of losing side-chain interactions can be determined, while minimizing 
the risk of large-scale perturbations in protein conformation (Cunningham et ai 3 1989). 

46 



WO 1)3/0X2200 PCT/US03/092S7 

[0170] In recent years, techniques for estimating the equilibrium constant for 
ligand binding using minuscule amounts of protein have been developed (Blackburn et al. 9 1991; 
U.S. Patents 5,221,605 and 5,238,808). The ability to perform functional assays with small 
amounts of material can be exploited to develop highly efficient, in vitro methodologies for the 
saturation mutagenesis of antibodies. The inventors bypassed cloning steps by combining PCR 
mutagenesis with coupled in viti'o transcription/translation for the high throughput generation of 
protein mutants. Here, the PCR products are used directly as the template for the in vitro 
transcription/translation of the mutant single chain antibodies. Because of the high efficiency 
with which all 19 amino acid substitutions can be generated and analyzed in this way, it is now 
possible to perform saturation mutagenesis on numerous residues of interest, a process that can 
be described as in vitro scanning saturation mutagenesis (Burks et al y 1997). 

[0171] In vitro scanning saturation mutagenesis provides a rapid method for 
obtaining a large amount of structure-function information including: (i) identification of 
residues that modulate ligand binding specificity, (ii) a better understanding of ligand binding 
based on the identification of those amino acids that retain activity and those that abolish activity 
at a given location, (iii) an evaluation of the overall plasticity of an active site or protein 
subdomain, (iv) identification of amino acid substitutions that result in increased binding. 

5. Random Mutagenesis by Fragmentation and Reassembly 
[0172] A method for generating libraries of displayed polypeptides is described in 
U.S. Patent 5,380,721. The method comprises obtaining polynucleotide library members, 
pooling and fragmenting the polynucleotides, and reforming fragments therefrom, performing 
PCR amplification, thereby homologously recombining the fragments to form a shuffled pool of 
recombined polynucleotides. 

B. Site-Directed Mutagenesis 

[0173] Structure-guided site-specific mutagenesis represents a powerful tool for the 
dissection and engineering of protein-ligand interactions (Wells, 1996, Braisted et al 7 1996). 
The technique provides for the preparattion and testing of sequence variants by introducing one 
or more nucleotide sequence changes into a selected DNA. 
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[01741 Site-specific mutagenesis uses specific oligonucleotide sequences which 
encode the DNA sequence of the desired mutation, as well as a sufficient number of adjacent, 
unmodified nucleotides. In this way, a primer sequence is provided with sufficient size and 
complexity to form a stable duplex on both sides of the deletion junction being traversed. A 
primer of about 17 to 25 nucleotides in length is preferred, with about 5 to 10 residues on both 
sides of the junction of the sequence being altered. 

[0175] The technique typically employs a bacteriophage vector that exists in both a 
single-stranded and double-stranded form. Vectors useful in site-directed mutagenesis include 
vectors such as the Ml 3 phage. These phage vectors are commercially available and their use is 
generally well known to those skilled in the art. Double-stranded plasmids are also routinely 
employed in site-directed mutagenesis, which eliminates the step of transferring the gene of 
interest from a phage to a plasmid 

[0176] In general, one first obtains a single-stranded vector, or melts two strands of 
a double-stranded vector, which includes within its sequence a DNA sequence encoding the 
desired protein ot genetic element. An oligonucleotide primer bearing the desired mutated 
sequence, synthetically prepared, is then annealed with the single-stranded DNA preparation, 
taking into account the degree of mismatch when selecting hybridization conditions. The 
hybridized product is subjected to DNA polymerizing enzymes such as E. coli polymerase I 
(Klenow fragment) in order to complete the synthesis of the mutation-bearing strand. Thus, a 
heteroduplex is formed, wherein one strand encodes the original non-mutated sequence, and the 
second strand bears the desired mutation. This heteroduplex vector is then used to transform 
appropriate host cells, such as E. coli cells, and clones are selected that include recombinant 
vectors bearing the mutated sequence arrangement. 

[0177] Comprehensive information on the functional significance and information 
content of a given residue of protein can best be obtained by saturation mutagenesis in which all 
19 amino acid substitutions are examined. The shortcoming of this approach is that the logistics 
of multiresidue saturation mutagenesis are daunting (Warren et aL, 1996, Brown et ah, 1996; 
Zeng et aL, 1996; Burton and Barbas, 1994; Yelton et aL, 1995; Jackson et aL, 1995; Short et aL, 
1995; Wong et aL, 1996; Hilton et aL, 1996). Hundreds, and possibly even thousands, of site 
specific mutants must be studied. However, improved techniques make production and rapid 
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screening of mutants much more straightforward. See also, U.S. Patents 5,798,208 and 
5,830,650, for a description of "walk-through" mutagenesis. 

[0178] Other methods of site-directed mutagenesis are disclosed in U.S. Patents 
5,220,007; 5,284,760; 5,354,670; 5,366,878; 5,389,514; 5,635,377; and 5,789,166. 

VI. Combination Treatments 

[0179] In order to increase the effectiveness of the methods and compositions of 
the present invention, it may be desirable to combine these compositions with other agents 
effective in the treatment of hyperproliferative disease, such as anti-cancer agents. An "anti- 
cancer" agent is capable of negatively affecting cancer in a subject for example, by killing 
cancer cells, inducing apoptosis in cancer cells, reducing the growth rate of cancer cells, 
reducing the incidence or number of metastases, reducing tumor size, inhibiting tumor growth, 
reducing the blood supply to a tumor or cancer cells, promoting an immune response against 
cancer cells or a tumor, preventing or inhibiting the progression of cancer, or increasing the 
lifespan of a subject with cancer. More generally, these other compositions would be provided 
in a combined amount effective to kill or inhibit proliferation of the cell. This process may 
involve contacting the cells with the expression construct and the agent(s) or multiple factor(s) at 
the same time. This may be achieved by contacting the cell with a single composition or 
pharmacological formulation that includes both agents, or by contacting the cell with two distinct 
compositions or formulations, at the same time, wherein one composition includes the expression 
construct and the other includes the second agent(s). 

[0180] Tumor cell resistance to chemotherapy and radiotherapy agents represents 
a major problem in clinical oncology. One goal of current cancer research is to find ways to 
improve the efficacy of chemo- and radiotherapy by combining it with gene therapy. For 
example, the heipes simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by 
a retroviral vector system, successfully induced susceptibility to the antiviral agent ganciclovir 
(Culver, et al, 1992). hi the context of the present invention, it is contemplated that gene 
therapy could be used similarly in conjunction with chemotherapeutic, radiotherapeutic, or 
immunotherapeutic intervention, in addition to other pro-apoptotic or cell cycle regulating 
agents. 
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[0181] Alternatively, the gene therapy may precede or follow the other agent 
treatment by intervals ranging from minutes to weeks. In embodiments where the other agent 
and expression construct are applied separately to the cell, one would generally ensure that a 
significant period of time did not expire between the time of each delivery, such that the agent 
and expression construct would still be able to exert an advantageously combined effect on the 
cell. In such instances, it is contemplated that one may contact the cell with both modalities 
within about 12-24 h of each other and, more preferably, within about 6-12 h of each other. In 
some situations, it may be desirable to extend the time period for treatment significantly, 
however, where several d (2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3, 4, 5, 6, 7 or 8) lapse between 
the respective administrations. 

[0182] . Various combinations may be employed, gene therapy is "A" and the 
secondary agent, such as radio- or chemotherapy, is "B": 

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B 

B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A 

B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A ' A/A/B/A 

[0183] Administration of the therapeutic expression constructs of the present 
invention to a patient will follow general protocols for the administration of chemotherapeutics, 
taking into account the toxicity, if any, of the vector. It is expected that the treatment cycles 
would be repeated as necessary. It also is contemplated that various standard therapies, as well 
as surgical intervention, may be applied in combination with the described hyperproliferative cell 
therapy. 

A. Chemotherapy 

[0184] Cancer therapies also include a variety of combination therapies with both 
chemical and radiation based treatments. Combination chemotherapies include, for example, 
cisplatin (CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide, 
camptothecin, ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, 
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daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, 
raloxifene, estrogen receptor binding agents, taxol, gemcitabien, navelbine, farncsyl-protein 
tansferase inhibitors, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or 
any analog or derivative variant of the foregoing. 

B. Radiotherapy 

[0185] Other factors that cause DNA damage and have been used extensively 
include what are commonly known as y-rays, X-rays, and/or the directed delivery of 
radioisotopes to tumor cells. Other forms of DNA damaging factors are also contemplated such 
as microwaves and UV-irradiation. It is most likely that all of these factors effect a broad range 
of damage on DNA, on the precursors of DNA, on the replication and repair of DNA, and on the 
assembly and maintenance of chromosomes. Dosage ranges for X-rays range from daily doses 
of 50 to 200 roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 
roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half-life of the 
isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells. 

[0186] The terms "contacted" and "exposed," when applied to a cell, are used 
herein to describe the process by which a therapeutic construct and a chemotherapeutic or 
radiotherapeutic agent are delivered to a target cell or are placed in direct juxtaposition with the 
target cell. To achieve cell killing or stasis, both agents are delivered to a cell in a combined 
amount effective to kill the cell or prevent it from dividing. 

C. Immunotherapy 

[0187] Immunotherapeutics, generally, rely on the use of immune effector cells 
and molecules to target and destroy cancer cells. The imrmine effector may be, for example, an 
antibody specific for some marker on the surface of a tumor cell. The antibody alone may serve 
as an effector of therapy or it may recruit other cells to actually effect cell killing. The antibody 
also may be conjugated to a drug or toxin (chemotherapeutic, radionuclide, ricin A chain, cholera 
toxin, pertussis toxin, etc.) and serve merely as a targeting agent Alternatively, the effector may 
be a lymphocyte carrying a surface molecule that interacts, either directly or indirectly, with a 
tumor cell target. Various effector cells include cytotoxic T cells and NK cells. 
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[01 88J Immunotherapy, thus, could be used as part of a combined therapy, in 
conjunction with the present invention. The general approach for combined therapy is discussed 
below. Generally, the tumor cell must bear some marker that is amenable to targeting, i.e., is not 
present on the majority of other cells. Many tumor markers exist and any of these may be 
suitable for targeting in the context of the present invention. Common tumor markers include 
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal 
antigen, tyrosinase (p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, 
estrogen receptor, laminin receptor, erb B and pi 55. 

D. Genes 

[0189] In yet another embodiment, the secondary treatment is a secondary gene 
therapy in which a second therapeutic polynucleotide is administered before, after, or at the same 
time a first therapeutic polynucleotide encoding all of part of a therapeutic polypeptide. Delivery 
of a vector encoding either a full length or truncated therapeutic polypeptide in conduction with a 
second vector encoding one of the following gene products will have a combined anti- 
hyperproliferative effect on target tissues. Alternatively, a single vector encoding both genes 
may be used. A variety of proteins are encompassed within the invention, some of which are 
described below. 

1. Inducers of Cellular Proliferation 
[0190] The proteins that induce cellular proliferation further fall into various 
categories dependent on function. The commonality of all of these proteins is their ability to 
regulate cellular proliferation. For example, a form of PDGF, the sis oncogene, is a secreted 
growth factor. Oncogenes rarely arise from genes encoding growth factors, and at the present, 
sis is the only known naturally-occurring oncogenic growth factor. In one embodiment of the 
present invention, it is contemplated that anti-sense mRNA directed to a particular inducer of 
cellular proliferation is used to prevent expression of the inducer of cellular proliferation. 

[0191] The proteins FMS, ErbA, ErbB and neu are growth factor receptors. 
Mutations to these receptors result in loss of regulatable function. For example, a point mutation 
affecting the transmembrane domain of the Neu receptor protein results in the neu oncogene. 
The erbA oncogene is derived from the intracellular receptor for thyroid hormone. The modified 
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oncogenic ErbA receptor is believed to compete with the endogenous thyroid hormone receptor, 
causing uncontrolled growth. 

[0192] The largest class of oncogenes includes the signal transducing proteins {e.g., 
Src, Abl and Ras). The protein Src is a cytoplasmic protein-tyrosine kinase, and its 
transfonnation from proto-oncogene to oncogene in some cases, results via mutations at tyrosine 
residue 527. In contrast, transfonnation of GTPase protein ras from proto-oncogene to 
oncogene, in one example, results from a valine to glycine mutation at amino acid 12 in the 
sequence, reducing ras GTPase activity. 

[01931 The proteins Jun, Fos and Myc are proteins that directly exert their effects 
on nuclear functions as transcription factors. 

2. Inhibitors of Cellular Proliferation 
[01941 The tumor suppressor oncogenes function to inhibit excessive cellular 
proliferation. The inactivation of these genes destroys their inhibitory activity, resulting in 
unregulated proliferation. The tumor suppressors p53, pi 6 and C-CAM are described below. 

[0195] High levels of mutant p53 have been found in many cells transformed by 
chemical carcinogenesis, ultraviolet radiation, and several viruses. The p53 gene is a frequent 
target of mutational inactivation in a wide variety of human tumors and is already documented to 
be the most frequently mutated gene in common human cancers. It is mutated in over 50% of 
human NSCLC (Hollstein et al 9 1991) and in a wide spectrum of other tumors. 

[0196] The p53 gene encodes a 393 -amino acid phosphoprotein that can form 
complexes with host proteins such as large-T antigen and E1B. The protein is found in normal 
tissues and cells, but at concentrations which are minute by comparison with transformed cells or 
tumor tissue 

[0197] Wild-type p53 is recognized as ah important growth regulator in many cell 
types. Missense mutations are common for the p53 gene and are essential for the transforming 
ability of the oncogene. A single genetic change prompted by point mutations can create 
carcinogenic p53. Unlike other oncogenes, however, p53 point mutations are known to occur in 
at least 30 distinct codons, often creating dominant alleles that produce shifts in cell phenotype 
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without a reduction to homozygosity. Additionally, many of these dominant negative alleles 
appear to be tolerated in the organism and passed on in the germ line. Various mutant alleles 
appear to range from minimally dysfunctional to strongly penetrant, dominant negative alleles 
(Weinberg, 1991). 

[0198] Another inhibitor of cellular proliferation is pi 6. The major transitions of 
the eukaryotic cell cycle are triggered by cyclin-dependent kinases, or CDK's. One CDK, 
cyclin-dependent kinase 4 (CDK4), regulates progression through the Gi. The activity of this 
enzyme may be to phosphorylate Rb at late Gj. The activity of CDK4 is controlled by an 
activating subunit, D-type cyclin, and by an inhibitory subunit, the pi 6 mKA has been 
biochemically characterized as a protein that specifically binds to and inhibits CDK4, and thus 
may regulate Rb phosphorylation (Serrano et aL, 1993; Serrano et aL, 1995). Since the pi 6 INK4 
protein is a CDK4 inhibitor (Serrano, 1993), deletion of this gene may increase the activity of 
CDK4, resulting in hyperphosphorylation of the Rb protein, pi 6 also is known to regulate the 
function ofCDK6. 

[0199] pl6 M4 belongs to a newly described class of CDK-inhibitory proteins that 
also includes pl6 B , pl9, p21 WAF1 , and p27 KIP1 . The p\6 WK4 gene maps to 9p21, a chromosome 
region frequently deleted in many tumor types. Homozygous deletions and mutations of the 
p^^ 4 gene are frequent in human tumor cell lines. This evidence suggests that the p^ 11 ^ 4 
gene is a tumor suppressor gene. This interpretation has been challenged, however, by the 
observation that the frequency of the pl6 mK4 gene alterations is much lower in primary 
uncultured tumors than in cultured cell lines (Caldas et aL, 1994; Cheng et aL, 1994; Hussussian 
et aL, 1994; Kamb et aL, 1994; Kamb et aL, 1994; Mori et aL, 1994; Okamoto et aL, 1994; 
Nobori et aL, 1995; Orlow et aL, 1994; Arap et aL, 1995). Restoration of wild-type p^ 1 ** 4 
function by transfection with a plasmid expression vector reduced colony formation by some 
human cancer cell lines (Okamoto, 1994; Arap, 1995). 

[0200] Other genes that may be employed according to the present invention 
include Rb, APC, DCC, NF-1 7 NF-2, WT-1, MEN-I, MEN-II, zacl, p73, VHL, MMAC1 / 
PTEN, DBCCR-1, FCC. rsk-3, p27, p27/pl6 fusions, p21/p27 fusions, anti-thrombotic genes 
(e.g., COXA, TFPI), PGS, Dp, E2F, ras, myc, neu, raf, erb, fins, trk, ret, gsp, hst, abl, El A, 
p300, genes involved in angiogenesis (e.g., VEGF. FGF, thrombospondin, BAM, GDAIF, or 
their receptors) and MCC. 
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3. Regulators of Programmed Cell Death 
[0201] Apoptosis, or programmed cell death, is an essential process for normal 
embryonic development, maintaining homeostasis in adult tissues, and suppressing 
carcinogenesis (Kerr et al, 1972). The Bcl-2 family of proteins and ICE-like proteases have 
been demonstrated to be important regulators and effectors of apoptosis in other systems. The 
Bcl-2 protein, discovered in association with follicular lymphoma, plays a prominent role in 
controlling apoptosis and enhancing cell survival in response to diverse apoptotic stimuli 
(Bakhshi et al, 1985; Cleary and Sklar, 1985; Cleary et al, 1986; Tsujimoto et al, 1985; 
Tsujimoto and Croce, 1986). The evolutionarily conserved Bcl-2 protein now is recognized to 
be a member of a family of related proteins, which can be categorized as death agonists or death 
antagonists. 

[0202] Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell 
death triggered by a variety of stimuli. Also, it now is apparent that there is a family of Bcl-2 
cell death regulatory proteins which share in common structural and sequence homologies. 
These different family members have been shown to either possess similar functions to Bcl-2 
(e.g., BcIxl, Bclw, Bcls, Mcl-1, Al, Bfl-1) or counteract Bcl-2 function and promote cell death 
(e.g., Bax, Bak, Bik, Bim, Bid, Bad, Harakiri). 

Examples of therapeutic genes that may be utilized in the present invention are included 
in Table 3. 



TABLE 3: Oncogenes 

~Gelte Source Human Disease 



Growth Factors 

HST/KS 
INT-2 

INTI/mTI 

SIS 



Transfection 
MMTV promoter 

Insertion 
MMTV promoter 

Insertion 

Simian sarcoma virus 



Amplified, deleted 
squamous cell 
cancer, glioblastoma 



Function 

FGF family member 
FGF family member 
Factor-like 
PDGFB 

EGF/TGF-ct/ 
arnphiregulin/ 
hetacellulin receptor 



Receptor Tyrosine Kinases 1 * 2 

ERBB/HER Avian erythroblastosis 

virus; ALV promoter 
insertion; amplified 
human rumors 
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Gene 



Source 



Human Disease 



Function 



ERBB-2/NEU/HER-2 



FMS 
KIT 

TRK 

MET 

RET 



ROS 

PDGF receptor 
TGF-$ receptor 



Transfected from rat 
Glioblatoms 

SM feline sarcoma virus 
HZ feline sarcoma virus 

Transfection from 
human colon cancer 

Transfection from 
human osteosarcoma 

Translocations and point 

mutations 



URII avian sarcoma 

Virus 
Translocation 



NONRECEPTOR TYROSINE KINASES 1 
ABl AbelsonMul.V 



FPS/FES 
LCK 

SRC 

YES 



Avian Fujinami SV;GA 
FeSV 

Mul.V (murine leukemia 
virus) promoter 
. insertion 

Avion Rous sarcoma 
Virus 



Avian Y73 vims 



SER/THR PROTEIN KINASES 1 
AKT 



MOS 

PIM-1 
RAF/MIL 



AKT8 murine retrovirus 
Maloney murine SV 



Promoter insertion 
Mouse 

3611 murine SV;MH2 
avian SV 



Amplified breast, 
ovarian, gastric cancers 



Sporadic thyroid cancer; 
familial medullary 
thyroid cancer, 
multiple endocrine 
neoplasias 2A and 2B 



Chronic 
myclomonocytic 
leukemia 

Colon carcinoma 
mismatch mutation 
target 



Chronic myelogenous 
leukemia translocation 
withBCR 



MISCELLANEOUS CELL SURFACE 1 

APC Tumor suppressor Colon cancer 

DCC Tumor suppressor Colon cancer 

E-cadherin Candidate tumor Breast cancer 



Regulated by NDF/ 

heregulin and EGF- 

related factors 
CSF-1 receptor 
MGF/Steel receptor 

hematopoieis 
NGF (nerve growth 

factor) receptor 
Scatter factor/HGF 

receptor 
Orphan receptor Tyr 



Orphan receptor Tyr 

kinase 
TEL(ETS-like 

transcription factor)/ 

PDGF receptor gene 

fusion 



Interact with RB, RNA 
polymerase, CRK, 
CBL 



Src family; T cell 
signaling; interacts 
CD4/CD8 T cells 
Membrane-associated 
Tyr kinase with 
signaling function; 
activated by receptor 
kinases 

Src family; signaling 



Regulated by PI(3)K?; 

regulate 70-kd S6 k? 
GVBD; cystostatic 

factor; MAP kinase 

kinase 



Signaling in RAS 
pathway 



Interacts with catenins 
CAM domains 
Extracellular homotypic 
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Gene 



Source 



Human Disease 



Function 



ptonbccs 



TANA 
homologue 



Suppressor 

Tumor suppressor and 
Drosophilia homology 



Notch Translocation 



MISCELLANEOUS SIGNALING 1,3 



BCL-2 
CBL 



CRK 
DPC4 
MAS 
NCK 



Translocation 
Mu CasNS-1 Y 



CT1010ASV 

Tumor suppressor 

Transfection and 
Tumorigenicity 



Nevoid basal cell cancer 
syndrome (Gorline 
syndrome) 



T-ALI. 



B-cell lymphoma 



Pancreatic cancer 



GUANINE NUCLEOTIDE EXCHANGERS AND BINDING 
PROTEINS 3,4 

BCR 



Translocated with ABL 
inCML 



DBL 
GSP 
NF-I 

OST 

Harvey-Kirsten, "H-RAS 



VAV 



Transfection 

Hereditary tumor 

Suppressor 
Transfection 
HaRat SV; KiRaSV; 

Balb-MoMuSV; 

Transfection 
Transfection 



Tumor suppressor 
neurofibromatosis 

Point mutations in many 
human tumors 



NUCLEAR PROTEINS AND TRANSCRIPTION FACTORS 1 ^ 



BRCA1 

BRCA2 
ERBA 

ETS 
EVTI 

FOS 

GLI 



HMGG/LIM 



Heritable suppressor 

Heritable suppressor 
Avian erythroblastosis 

Virus 
AvranE26 virus 
MuLV promotor 

Insertion 
FBI/FBR murine 
osteosarcoma viruses 
Amplified glioma 



Translocation f(3:12) 
<(12:15) 



Mammary 
cancer/ovarian cancer 
Mammary cancer 



AML 



Glioma 



Lipoma 



binding; intracellular 
interacts with catenins 

12 transmembrane 
domain; signals 
through Gli homogue 
CI to antagonize 
hedgehog pathway 

Signaling? 



Apoptosis 
Tyrosine- 

phosphorylated RTNG 

finger interact Abl 
Adapted SH2/SH3 

interact Abl 
TGF-P-related signaling 

pathway 

Possible angiotensin 
receptor 

Adaptor SH2/SH3 



Exchanger; protein 
kinase 
Exchanger 

RAS GAP 

Exchanger 
Signal cascade 



S112/S1 13; exchanger 



Localization unsettled 

Function unknown 
thyroid hormone 

receptor (transcription) 
DN A binding 
Transcription factor 

1 transcription factor 

with c-JUN 
Zinc finger, cubitus 

interruptus homologue 

is in hedgehog 

signaling pathway; 

inhibitory link PTC 

and hedgehog 
Gene fusions high 

mobility group 
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Gene 



Source 



Human Disease 



Function 



JUN 

MLUVHKX+ ELI/MEN 



MYB 
MYC 



N-MYC 
L-MYC 
REL 



SKI 
VHL 

WT-) 



ASV-17 

Translocation/fusion 
ELL with MLL 
Trithorax-like gene 



Avian myeloblastosis 
Virus 

Avian MC29; 
Translocation B-cell 
Lymphomas; promoter 
Insertion av/Vrn 

leukosis 
Virus 

Amplified 

AWan 

Retriculoendolheliosis 

Virus 
Avian SKV770 

Retrovirus 
Heritable suppressor 



Acute myeloid leukemia 



Burkitt's lymphoma 



Neuroblastoma 
Lung cancer 



Von Hippel-Landau 
syndrome 

Wilm's tumor 



HMGI-C (XT-hook) 
and transcription factor 
LIM or acidic domain 

Transcription factor 
AP-1 with FOS 

Gene fusion of DNA- 
binding and methyl 
transferase MLL with 
ELIRNApoin 
elongation factor 

DNA binding 

DNA binding with 
MAX partner, cyclin 
regulation; interact 
RB?; regulate 
apoptosis? 



NF-kB family 
transcription factor 

Transcription factor 

Negative regulator or 
elongin; transcriptional 
elongation complex 

Transcription factor 



CELL CYCLE/DNA DAMAGE RESPONSE 
ATM Hereditary disorder 



BCL-2 
FACC 



FH1T 

hMUMuth 

hMSHVMutS 

hPMSl 

hPMS2 

INK4/MTS1 



INK4B/MTS2 
MDM-2 



Translocation 
Point mutation 



Fragile site 3pl4.2 



Adjacent 1NK-4B at 
9p21;CDK complexes 



Amplified 



Ataxia-telangiectasia 



Follicular lymphoma 
Fanconi's anemia group 

C (predisposition 

leukemia 
Lung carcinoma 



HNPCC 
HNPCC 
HNPCC 
HNPCC 

Candidate MTS1 

suppressor and MLM 

melanoma gene 
Candidate suppressor 
Sarcoma 



Protein/lipid kinase 
homology; DNA 
damage response 
upstream in P53 
pathway 

Apoptosis 



Histidine triad-related 
diadenosine 5\3""- 
P'.p 4 tetraphosphate 
asymmetric hydrolase 

Mismatch repair; MutL 
homologue 

Mismatch repair; MutS 
homologue 

Mismatch repair; MutL 
homologue 

Mismatch repair, MutL 
homologue 

p!6CDKinliibitor 



p!5CDK inhibitor 
Negative regulator p53 
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Gene 


_ 

Source 


— rr rT- 

Hum (in Disease 




p53 


Association with SV40 


Mutated >50% human 


Transcription factor; 


T antigen 


tumors, including 


checkpoint control; 






hereditary Li-Fraumeni 


apoptosis 






syndrome 




PRADI/BCL1 


Translocation with 


Parathyroid adenoma; 


CyclinD 




Parathyroid hormone 


B-CLL 






orlgG 






RB 


Hereditary 


Retinoblastoma; 


Interact cyclin/cdk; 




Retinoblastoma; 


osteosarcoma; breast 


regulate E2F 




Association with many 


cancer; other sporadic 


transcription factor 




DNA virus tumor 


cancers 






Antigens 




Excision repair; photo- 


XPA 




xeroderma 






pigmentosum; skin 


product recognition; 






cancer predisposition 


zinc linger 



[0203] Although a skilled artisan would know which therapeutic sequences to 
obtain for a therapy, as well as their identity from a database such as the National Center for 
Biotechnology Information's GenBank database, an exemplary sequence includes p53 (Ml 4695; 
SEQ ID NO:6) for cancer treatment. 



E. Surgery 

[0204] Approximately 60% of persons with cancer will undergo surgery of some 
type, which includes preventative, diagnostic or staging, curative and palliative surgery. 
Curative surgery is a cancer treatment that may be used in conjunction with other therapies, such 
as the treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene 
therapy, immunotherapy and/or alternative therapies. 

[0205] Curative surgery includes resection in which all or part of cancerous tissue 
is physically removed, excised, and/or destroyed. Tumor resection refers to physical removal of 
at least part of a tumor. In addition to tumor resection, treatment by surgery includes laser 
surgery, cryosurgery, electrosurgery, and miscopically controlled surgery (Mohs' surgery). It is 
further contemplated that the present invention may be used in conjunction with removal of 
superficial cancers, precancers, or incidental amounts of normal tissue. 

[0206] Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity 
may be formed in the body. Treatment may be accomplished by perfusion, direct injection or 
local application of the area with an additional anti-cancer therapy. Such treatment may be 
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repeated, for example, every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or every 1, 
2, 3, 4, 5, 6, 7, 8 9 9, 10, 1 1, or 12 months. These treatments may be of varying dosages as well. 

F. Other agents 

[0207] It is contemplated that other agents may be used in combination with the 
present invention to improve the therapeutic efficacy of treatment. These additional agents 
include immunomodulatory agents, agents that affect the upregulation of cell surface receptors 
and GAP junctions, cytostatic and differentiation agents, inhibitors of cell adehesion, or agents 
that increase the sensitivity of the hyperproliferative cells to apoptotic inducers. 
Immunomodulatory agents include tumor necrosis factor; interferon alpha, beta, and gamma; IL- 
2 and other cytokines; F42K and other cytokine analogs; or MEM, MlP-lbeta, MCP-1, 
RANTES, and other chemokines. It is further contemplated that the upregulation of cell surface 
receptors or their ligands such as Fas / Fas ligand, DR4 or DR5 / TRAIL would potentiate the 
apoptotic inducing abililties of the present invention by establishment of an autocrine or 
paracrine effect on hyperproliferative cells. Increases intercellular signaling by elevating the 
number of GAP junctions would increase the anti-hyperproliferative effects on the neighboring 
hyperproliferative cell population. In other embodiments, cytostatic or differentiation agents can 
be used in combination with the present invention to improve the anti-hyerproliferative efficacy 
of the treatments. Inhibitors of cell adehesion are contemplated to improve the efficacy of the 
present invention. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKs) 
inhibitors and Lovastatin. It is further contemplated that other agents that increase the sensitivity 
of a hyperproliferative cell to apoptosis, such as the antibody c225 5 could be used hi combination 
with the present invention to improve the treatment efficacy. 

[0208] Hormonal therapy may also be used in conjunction with the present 
invention or in combination with any other cancer therapy previously described. The use of 
hormones may be employed in the treatment of certain cancers such as breast, prostate, ovarian, 
or cervical cancer to lower the level or block the effects of certain hormones such as testosterone 
or estrogen. This treatment is often used in combination with at least one other cancer therapy as 
a treatment option or to reduce the risk of metastases. 

VII. Pharmaceutical Compositions and Routes of Administration 
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[0209] Compositions of the present invention will have an effective amount of a 
nucleotide sequence for therapeutic administration in combination and, in some embodiments, is 
combined with an effective amount of a compound (second agent) that is therapeutic for the 
respective appropriate disease or medical condition. Such compositions will generally be 
dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous medium. The term 
"effective" or "therapeutically effective" as used herein refers to inhibiting an exacerbation in 
symptoms, preventing onset of a disease, amelioration of at least one symptom, or a combination 
thereof, and so forth. 

[0210] The phrases "pharmaceutically or pharmacologically acceptable" refer to 
molecular entities and compositions that do not produce an adverse, allergic or other untoward 
reaction when administered to an animal, or human, as appropriate. As used herein, 
"pharmaceutically acceptable carrier" includes any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agents and the like. The use 
of such media and agents for pharmaceutical active substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible with the active ingredients, its use in 
the therapeutic compositions is contemplated. Supplementary active ingredients, such as other 
anti-disease agents, can also be incorporated into the compositions. 

[021 1] In addition to the compounds formulated for parenteral administration, such 
as intravenous or intramuscular injection, other pharmaceutically acceptable forms include, e.g., 
tablets or other solids for oral administration; time release capsules; and any other form currently 
used, including cremes, lotions, mouthwashes, inhalants and the like. 

[0212] The compositions of the present invention may include classic 

pharmaceutical preparations. Administration of these compositions according to the present 
invention will be via any common route so long as the target tissue is available via that route. 
This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively, administration may be 
by orthotopic, intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection. 
Such compositions would normally be administered as pharmaceutically acceptable 
compositions, described siipra. 

[0213] The compositions of the present invention may advantageously be 
administered in the form of injectable compositions either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in ? liquid prior to injection also may be 
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prepared. These preparations also may be emulsified. A typical composition for such purposes 
comprises a 50 mg or up to about 100 mg of human serum albumin per milliliter of phosphate 
buffered saline. Other pharmaceutically acceptable carriers include aqueous solutions, non-toxic 
excipients, including salts, preservatives, buffers and the like. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, vegetable oil and injectable organic esters, 
such as theyloleate. Aqueous carriers include water, alcoholic/aqueous solutions, saline 
solutions, parenteral vehicles such as sodium chloride, Ringer's dextrose, etc. Intravenous 
vehicles include fluid and nutrient replenishers. Preservatives include antimicrobial agents, anti- 
oxidants, chelating agents and inert gases. The pH and exact concentration of the various 
components in the pharmaceutical are adjusted according to well-known parameters. 

[0214] Additional formulations are suitable for oral administration. Oral 
formulations include such typical excipients as, for example, pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate and the 
like. The compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained 
release formulations or powders. When the route is topical, the form may be a cream, ointment, 
salve or spray. 

[0215] An effective amount of the therapeutic agent is determined based on the 
intended goal. The term "unit dose" refers to a physically discrete unit suitable for use in a 
subject, each unit containing a predetermined quantity of the therapeutic composition calculated 
to produce the desired response in association with its administration,. i.e., the appropriate route 
and treatment regimen. The quantity to be administered, both according to number of treatments 
and unit dose, depends on the subject to be treated, the state of the subject and the protection 
desired. Precise amounts of the therapeutic composition also depend on the judgment of the 
practitioner and are peculiar to each individual. 

[0216] All of the essential materials and reagents required for therapy may be 
assembled together in a kit. When the components of the kit are provided in one or more liquid 
solutions, the liquid solution preferably is an aqueous solution, with a sterile aqueous solution 
being particularly preferred. 

[0217] For in vivo use, an agent may be formulated into a single or separate 
pharmaceutically acceptable syringeable composition. In this case, the container means may 
itself be an inhalant, syringe, pipette, eye dropper, or other such like apparatus, from which the 
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formulation may be applied to an infected area of the body, such as the lungs, injected into an 
animal, or even applied to and mixed with the other components of the kit. 

[0218] The components of the kit may also be provided in dried or lyophilized 
forms. When reagents or components are provided as a dried form, reconstitutkm generally is by 
the addition of a suitable solvent. It is envisioned that the solvent also may be provided in 
another container means. The kits of the invention may also include an instruction sheet defining 
administration of the gene therapy and/or the chemotherapeutic drug. 

[0219] The kits of the present invention also will typically include a means for 
containing the vials in close confinement for commercial sale such as, e.g., injection or blow- 
molded plastic containers into which the desired vials are retained. Irrespective of the number or 
type of containers, the kits of the invention also may comprise, or be packaged with, an 
instrument for assisting with the injection/administration or placement of the ultimate complex 
composition within the body of an animal. Such an instrument may be an inhalant, syringe, 
pipette, forceps, measured spoon, eye dropper or any such medically approved delivery vehicle. 

[0220] The active compounds of the present invention will often be formulated for 
parenteral administration, e.g., formulated for injection via the intravenous, intramuscular, 
subcutaneous, or even intraperitoneal routes. The preparation of an aqueous composition that 
contains a second agent(s) as active ingredients will be known to those of skill in the art in light 
of the present disclosure. Typically, such compositions can be prepared as injectables, either as 
liquid solutions or suspensions; solid forms suitable for using to prepare solutions or suspensions 
upon the addition of a liquid prior to injection can also be prepared; and the preparations can also 
be emulsified. 

[0221] Solutions of the active compounds as free base or pharmacologically 
acceptable salts can be prepared in water suitably mixed with a surfactant, such as 
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene 
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these 
preparations contain a preservative to prevent the growth of microorganisms. 

[0222] The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions; formulations including sesame oil, peanut oil or aqueous propylene 
glycol; and sterile powders for the extemporaneous preparation of sterile injectable solutions or 
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dispersions. In all cases the form must be sterile and must be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage and must 
be preserved against the contaminating action of microorganisms, such as bacteria and fungi. 

[0223] The active compounds may be formulated into a composition in a neutral or 
salt form. Pharmaceutical^ acceptable salts, include the acid addition salts (formed with the free 
amino groups of the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropyl amine, trimethylamine, histidine, procaine and the like. 

[0224] The carrier can also be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene 
glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. The prevention of 
the action of microorganisms can be brought about by various antibacterial ad antifungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many 
cases, it will be preferable to include isotonic agents, for example sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

[0225] Sterile injectable solutions are prepared by incorporating the active 
compounds in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the various sterilized active ingredients into a sterile 
vehicle which contains the basic dispersion medium and the required other ingredients from 
those enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying techniques 
which yield a powder of the active ingredient plus any additional desired ingredient from a 
previously sterile-filtered solution thereof. 
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[0226] In certain cases, the therapeutic formulations of the invention could also be 
prepared in forms suitable for topical administration, such as in cremes and lotions. These forms 
may be used for treating skin-associated diseases, such as various sarcomas. 

[0227] Upon fonnulation, solutions will be administered in a manner compatible 
with the dosage formulation and in such amount as is therapeutically effective. The formulations 
are easily administered in a variety of dosage forms, such as the type of injectable solutions 
described above, with even drug release capsules and the like being employable. 

[0228] For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic 
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection, 
sterile aqueous media that can be employed will be known to those of skill in the art in fight of 
the present disclosure. For example, one dosage could be dissolved in 1 mL of isotonic NaCl 
solution and either added to 1000 mL of hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035- 
1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for administration will, in any 
event, determine the appropriate dose for the individual subject. 

[0229] In one exemplar}' method wherein the therapy is for an individual with 
cancer, targeting of cancerous tissues may be accomplished in any one of a variety of ways. For 
example, a composition of the present invention, such as an AE-DNA with an appropriate 
homologous exchangeable piece may be complexed with liposomes and injected into patients 
with cancer; intravenous injection can be used to direct the gene to all cell. Directly injecting the 
liposome complex into the proximity of a cancer can also provide for targeting of the complex 
with some forms of cancer. For example, cancers of the ovary can be targeted by injecting the 
liposome mixture directly into the peritoneal cavity of patients with ovarian cancer. Of course, 
the potential for liposomes that are selectively taken up by a population of cancerous cells exists, 
and such liposomes will also be useful for targeting the gene. 

[0230] Those of skill in the art will recognize that the best treatment regimens for 
using a composition of the present invention to provide therapy can be straightforwardly 
determined. This is not a question of experimentation, but rather one of optimization, which is 
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routinely conducted in the medical arts. For example, in vivo studies in nude mice provide a 
starting point from which to begin to optimize the dosage and delivery regimes. The frequency 
of injection will initially be once a wk, as was done some mice studies. However, this frequency 
might be optimally adjusted from one day to every two weeks to monthly, depending upon the 
results obtained from the initial clinical trials and the needs of a particular patient. Human 
dosage amounts can initially be determined by extrapolating from the amount of composition 
used in mice. In certain embodiments it is envisioned that the dosage may vary from between 
about Img composition DNA/Kg body weight to about 5000 mg composition DNA/Kg body 
weight; or from about 5 mg/Kg body weight to about 4000 mg/Kg body weight or from about 
lOmg/Kg body weight to about 3000 mg/Kg body weight; or from about 50mg/Kg body weight 
to about 2000 mg/Kg body weight; or from about lOOmg/Kg body weight to about 1000 mg/Kg 
body weight; or from about 150 mg/Kg body weight to about 500 mg/Kg body weight. In other 
embodiments this dose may be about 1, 5, 10, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 
1350, 1400, 1450, 1500, 1600, 1700, 1800, 1900, 2000, 2500, 3000, 3500, 4000, 4500, 5000 
mg/Kg body weight. In other embodiments, it is envisaged that higher does may be used, such 
doses may be in the range of about 5 mg composition DNA/Kg body to about 20 mg 
composition DNA/ Kg body. In other embodiments the doses may be about 8, 10, 12, 14, 16 or 
18 mg/Kg body weight. Of course, this dosage amount may be adjusted upward or downward, 
as is routinely done in such treatment protocols, depending on the results of the initial clinical 
trials and the needs of a particular patient. 

VITL Delivery of Nucleic Acid Molecules 

[0231] Several non-viral gene delivery vectors for the transfer of a 

polynucleotide(s) of the present invention into mammalian cells also are contemplated by the 
present invention. These include calcium phosphate precipitation (Graham and Van Der Eb, 
1973; Chen and Okayama, 1987; Rippc et aL, 1990) DEAE-dextran (Gopal, 1985), 
electroporation (Tur-Kaspa et aL, 1986; Potter et aL, 1984), direct microinjection (Harland and 
Weintraub, 1985), DNA-loaded liposomes (Nicolau and Sene, 1982; Fraley et aL, 1979) and 
hpofectamine-DNA complexes, cell soni cation (Fechheimer et aL t 1987), gene bombardment 
using high velocity microprojectiles (Yang et aL, 1990), and receptor-mediated transfection (Wu 
and Wu. 1987; Wu and Wu, 1988). Some of these techniques may be successfully adapted for in 
vivo or ex vivo use. 
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[0232] Once the polynucleotide has been delivered into the cell the sequence of the 
AE-DNA homologous to the target DNA is positioned accordingly. In certain embodiments, the 
polynucleotide may be stably integrated into the genome of the cell by methods described herein. 
How the polynucleotide is delivered to a cell and where in the cell the nucleic acid remains is 
dependent on a number of factors known in the art. 

[0233] In yet another embodiment of the invention, the expression vector may 
simply consist of naked recombinant DNA or plasmids comprising the polynucleotide. Transfer 
of the construct may be performed by any of the methods mentioned above which physically or 
chemically permeabilize the cell membrane. This is particularly applicable for transfer in vitro, 
but it may be applied to in vivo use as well. Dubensky et al (1984) successfully injected 
polyomavirus DNA in the form of calcium phosphate precipitates into liver and spleen of adult 
and newborn mice demonstrating active viral replication and acute infection. Benvenisty and 
Neshif (1986) also demonstrated that direct intraperitoneal injection of calcium phosphate- 
precipitated plasmids results in expression of the transfected genes. It is envisioned that DNA 
encoding a gene of interest may also be transferred in a similar manner in vivo and express the 
gene product. 

[0234] In still another embodiment of the invention, transfer of a naked DNA into 
cells may involve particle bombardment. This method depends on the ability to accelerate DNA- 
coated microprojectiles to a high velocity allowing them to pierce cell membranes and enter cells 
without killing them (Klein et al, 1987). Several devices for accelerating small particles have 
been developed. One such device relies on a high voltage discharge to generate an electrical 
current, which in turn provides the motive force (Yang et al, 1990). The microprojectiles used 
have consisted of biologically inert substances such as tungsten or gold beads. 

[0235J Selected organs including the liver, skin, and muscle tissue of rats and mice 
have been bombarded in vivo (Yang et al, 1990; Zelenin et al, 1991). This may require surgical 
exposure of the tissue or cells, to eliminate any intervening tissue between the gun and the target 
organ, i.e., ex vivo treatment. Again, DNA encoding a particular gene may be delivered via this 
method and still be incorporated by the present invention. 

[0236] In a further embodiment of the invention, a polynucleotide may be 
entrapped in a liposome, another non-viral gene delivery vector. Liposomes are vesicular 
structures characterized by a phospholipid bilayer membrane and an inner aqueous medium. 
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Multilamellar liposomes have multiple lipid layers separated by aqueous medium. They form 
spontaneously when phospholipids are suspended in an excess of aqueous solution. The lipid 
components undergo self-rearrangement before the formation of closed structures and entrap 
water and dissolved solutes between the lipid bilayers (Ghosh and Bachhawat, 1991). Also 
contemplated are hpofectamine-DNA complexes. 

[0237] Liposome-mediated nucleic acid delivery and expression of foreign DNA in 
vitro has been very successful. Wong et al t (1980) demonstrated the feasibility of liposome- 
mediated delivery and expression of foreign DNA in cultured chick embryo, HeLa and hepatoma 
cells. Nicolau et al (1987) accomplished successful liposome-mediated gene transfer in rats 
after intravenous injection. 

[0238] In certain embodiments of the invention, the liposome may be complexed 
with a hemagglutinatin virus (HVJ). This has been shown to facilitate fusion with the cell 
membrane and promote cell entry of liposome-encapsulated DNA (Kaneda et al, 1989). In 
other embodiments, the liposome may be complexed or employed in conjunction with nuclear 
non-histone chromosomal proteins (HMG-1) (Kato et al, 1991). In yet further embodiments, the 
liposome may be complexed or employed in conjunction with both HVJ and HMG-1 . In that 
such expression constructs have been successfully employed in transfer and expression of 
nucleic acid in vitro and in vivo, then they are applicable for the present invention. Where a 
bacterial promoter is employed in the DNA construct, it also will be desirable to include within 
the liposome an appropriate bacterial polymerase. 

[0239J Other polynucleotides that can be employed to deliver a nucleic acid 
encoding a particular gene into cells are receptor-mediated delivery vehicles. These take 
advantage of the selective uptake of macromolecules by receptor-mediated endocytosis in almost 
all eukaryotic cells. Because of the cell type-specific distribution of various receptors, the 
delivery can be highly specific (Wu and Wu, 1993). 

[0240] Receptor-mediated gene targeting vehicles generally consist of two 
components: a cell receptor-specific ligand and a DNA-binding agent. Several ligands have 
been used for receptor-mediated gene transfer. The most extensively characterized ligands are 
asialoorosomucoid (ASOR) (Wu and Wu, 1987) and transferrin (Wagner et al, 1990). Recently, 
a synthetic neoglycoprotein, which recognizes the same receptor as ASOR, has been used as a 
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gene delivery vehicle (Ferkol et al, 1993; Perales et al. 1994) and epidermal growth factor 
(EGF) has also been used to deliver genes to squamous carcinoma cells (Myers, EPO 0 273 085). 

[0241] In other embodiments, the delivery vehicle may comprise a ligand and a 
liposome. For example, Nicolau et al; (1987) employed lactosyl-ceramide, a galactose-terminal 
asialganglioside, incorporated into liposomes and observed an increase in the uptake of the 
insulin gene by hepatocytes. Thus, it is feasible that a nucleic acid encoding a particular gene 
also may be specifically delivered into a cell type by any number of receptor-ligand systems with 
or without liposomes. For example, epidermal growth factor (EGF) may be used as the receptor 
for mediated delivery of a nucleic acid into cells that exhibit upregulation of EGF receptor. 
Mannose can be used to target the mannose receptor on liver cells. 

[0242] In certain embodiments, DNA transfer may more easily be performed under 
ex vivo conditions. Ex vivo gene therapy refers to the isolation of cells from an animal, the 
delivery of a nucleic acid into the cells in vitro, and then the return of the modified cells back 
into an animal. This may involve the surgical removal of tissue/organs from an animal or the 
primary culture of cells and tissues. 

IX. Examples 

[0243] The following examples are included to demonstrate preferred 

embodiments of the invention. It should be appreciated by those of skill in the art that the 
techniques disclosed in the examples which follow represent techniques discovered by the 
inventor to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the present 
disclosure, appreciate that many changes can be made in the specific embodiments which are 
disclosed and still obtain a like or similar result without departing from the spirit and scope of 
the invention. 

EXAMPLE 1 

EXEMPLARY MATERIALS AND METHODS FOR EXAMPLES 2-5 

Cell lines 

[0244] African green monkey kidney (Vero) cells, human embryonic fibroblasts 
(HF 333.We), human tumor cell lines U-87 MG (glioblastoma), Hep 3B (hepatocellular 
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carcinoma) and human prostate cancer line DU 145 were obtained from American Tissue 
Culture Collection (Rockville, MD). All the cells were cultured with DMEM containing 10% 
fetal bovine serum (FBS). 

Generation of fusogenic oncolytic HSVs 

[0245] All of the oncolytic HSVs were derived from fHSV-delta-pac, a bacterial 
artificial chromosome (BAC) construct containing a mutant form of HSV-1 genome (with 
deletion of y34.5 genes and HSV packaging signals) (Saeki et aL, 1998). Infectious HSV were 
generated from fHSV-delta-pac by a 2-step procedure (FIG. 1). First, gene cassettes including 
enhanced green fluorescent protein (EGFP) and GALV-fus were first cloned into pSZ-pac, 
which contains a copy of the HSV pac (an exemplary sequence being SEQ ID NO: 14) and a 
cytomegalovirus immediate early promoter. The EGFP gene cassette was cut out from pEGFP- 
Nl (Clontech) with Asel and AfllH and cloned into pSZ-pac, to create pSZ-EGFP. The 
GALV.fus gene was cut out from pCR3.1-GALV with Nhel and NotI and cloned into pSZ-pac, 
to generate pSZ-GALV. The promoter and the enhancer region (das) of UL38 have been well 
defined (Guzowski and Wagner, 1993). The promoter was amplified (including the das 
sequence) from HSV-1 genome with this pair of oligos: forward primer 5' 
GTGGGTTGCGGACTTTCTGC 3' (SEQ ID NO:l), and reverse primer 5' 
ACACTCACGCAAGGCGGAAC 3' (SEQ ID NO:2). The PCR product was cloned into pSZ- 
pac to replace the CMV promoter, to generate plox-UL38P. The GALV.fiis gene obtained from 
Nhel and NotI digestion was then cloned into plox-TJL38P so that the gene is driven by the UL38 
promoter, to generate pSZ-38P-GALV. 

[0246] Infectious HSV was obtained from fHSV-delta-pac, the GALV.fus or 
EGFP, together with the HSV pac, by cutting out from pSZ-EGFP based plasmids (pSZ-EGFP, 
pSZ-GALV, pSZ-3SP-GALV) and direct ligation into the unique Pad site of fHSV-delta-pac. 
The DNA ligation mixture was transfected into Vero celts using Lipofectamine (Gibco-BRL) 
and incubated for 3-5 days for the infectious virus to be generated. The viruses, designated Baco- 
1 (containing the DNA fragment of EGFP and pac), Synco-1 (containing the DNA fragment of 
CMV-GALV.fus and pac) and Synco-2 (containing UL38P-GALV.fus and pac), were 
subsequently plaque purified. Virus stocks were prepared by infecting Vero cells with the viruses 
at 0.01 plaque-forming units (pfu) per cell, and were harvested after 2 days and stored at -80°C. 

Phenotypic Characterization of fusogenic oncolytic HSVs 
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[0247] Cells were seeded into six- well plates and infected the following day with 
each virus at a dose ranging from 0.1 to 0.0001 pfu/cell. Cells were cultured in a maintenance 
medium (containing 1% FBS) and were left for up to two days to allow the fusion pattern and 
plaques to develop. To block HSV replication, acyclovir was added into the culture medium at a 
final concentration of 100 uM. To slow down the division or arrest the embryonic fibroblasts, 
cells were either starved for FBS for 48 h, or starved for FBS and incubated with 20 uM 
lovastatin at the same time for 24 h, before the cells were infected with the viruses. Lovastatin is 
a chemical that induces cell-cycle arrest but does not interfere with HSV replication (Schang et 
aU 1998). 

In vitro cell killing Assay 

[0248] Each of the three human tumor cell lines were seeded into 48-well plates 
and were infected with each virus at 0.1 and 0.01 pfu/ceil, or were left uninfected. Cells were 
harvested 24 h and 48 h later through trypsinization. The number of surviving cells was counted 
on a hemocytometer following trypan blue staining. The percentage of cell survival was 
calculated by dividing the number of viable cells from the infected well by the number of cells 
from the well that was left uninfected. The experiments were done in triplicate, and the averaged 
numbers were used for the final calculation. 

Animal Studies 

[0249] Six-week-old male Hsd athymic (nu/nu) mice were purchased from Harlan 
(Indianapolis, IN). Hep 3B cells were cultured in standard conditions and were harvested in log 
phase with 0.05% trypsin-EDTA. The cells were washed twice with serum-free medium before 
they were resuspended in PBS at a concentration of 5 X 10 7 -cells/ml. A total of 100 ul cell 
suspension containing 5X1 0 6 cells were subcutaneously injected in the right flank of mice. When 
tumors reached to approximately 5-8 mm in diameter, a single injection of 1X1 0 7 pfu of each 
virus at 100 u.1 volume was administered intratumorally (n - 10). Control tumors received the 
same amount of PBS only. Tumor size was measured weekly for 4 weeks and the tumor volume 
was calculated using the formula: tumor volume [mm] 3 =0.5 x (length [mm]) x (width [mm]) 2 . 

[0250] For pathological examination of the tumor tissues, mice were sacrificed 5 
days after virus or PBS injection. The tumors were removed, fixed and stained with hematoxylin 
and eosin. 
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[0251] Statistical values are presented as mean ± standard deviation of the mean; 
comparisons were made using student's /-test. Statistical significance was defined asp <0.05. 

EXAMPLE 2 

ENFORCED LIGATION OF GALV.FUS GENE INTO AN ONCOLYTIC HSV AND 17V 
VITRO CHARACTERIZATION OF THE NEW VIRUS 
[0252] Earlier attempts to clone the GALV.fus gene into an oncolytic adenovirus 
were not successful (Diaz et aL, 2000). Two reasons may have resulted in this failure. First, the 
severe and rapid syncytial formation after GALV.fus gene transfection might have interfered 
with the subsequent homologous recombination for the recombinant virus generation. Second, 
expression of GALV.fus in the context of an adenovirus may interfere with the infection process 
of the virus. Unlike adenovirus that is non-enveloped, HSV is an enveloped virus whose 
infection naturally involves membrane fusion. It was therefore anticipated that it was likely that 
HSV might be able to withstand the membrane-fusion effect from genes such as GALV.fus and 
continue to grow. To avoid the potential interference from the initial membrane fusion of 
GALV.fus gene transfection, an enforced direct-ligation strategy for inserting GALV.fus gene 
into the genome of an oncolytic HSV was utilized (FIG. 1). fHSV-delta-pac is a bacterial 
artificial chromosome (BAC) based construct that contains a mutated HSV genome, in which the 
diploid gene encoding r34.5 was partly deleted, and both copies of HSV packaging signal (pac) 
were completely deleted (Saeki et ai 7 1998). Therefore, infectious HSV can not be generated 
from the construct unless an intact HSV pac is provided in cis. Also, any virus eventually 
generated from this construct will be replication selective, due to the partial deletion of y 34. 5 
gene. The GALV.fus gene cassette (driven by CMV immediate early promoter) was linked with 
an intact HSV pac in a plasmid. The GALV.fus-pac sequence was then ligated directly into the 
unique Pad site located in the BAC sequence of fHSV-delta-pac. The ligation mixture was 
directly transfected into Vero cells, and the virus grown from the cells was collected and plaque 
purified. One of the plaque-purified viruses was named Synco-1 and was used subsequently. 

[0253] Synco-1 was phenotypically characterized. Human cancer cells of different 
tissue origins were infected with the virus at a low multiplicity of infection (MOI). At 36 h after 
infection, a clear syncytial phenotype was observed on all of the three tumor cells tested (FIG. 2, 
bottom panel). By average, each syncytium covers an area of around 1,000 cells, indicating that a 
large number of tumor cells were involved in each syncytium. On the other hand, no obvious 
syncytium was observed in the same tumor cells that were infected with Baco-1 (FIG. 2, top 
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panel), which was also derived from fHSV-delta-pac but contains the EGFP gene instead of 
GALV.fus. The area covered by each individual plaque from Baco-1 was substantial smaller 
than the syncytia from Synco-1. 

[0254] FMG-mediated syncytial formation in the context of oncolytic HSV was 
demonstrated to result in an increased tumor cell killing. The cell viability was compared after 
the cells were infected with either Baco-1 or Synco-1 at a relatively low MOI (0.1 and 0.01 
pfu/cell), so that both the inherent cytotoxicity of the input virus as well as the ability of the virus 
to replicate and spread in these cells could be assessed. The cytotoxic effect of the virus infection 
on the tumor cells was quantified by calculating the percentage of cells that survived at different 
time points after the virus infection. In general, Synco-1 had a significantly stronger ability to 
kill these tumor cells than Baco-1 at both time points and with both viral doses (FIGS. 3A and 
3B). 

EXAMPLE 3 

ENHANCED ANTI-TUMOR EFFECT OF SYNCO-1 
IN XENOGRAFTED HUMAN CANCER 
[0255] The syncytial phenotype and the enhanced tumor cell killing ability of 
Synco-1 converted to an enhanced anti-tumor effect in vivo. The virus was injected directly into 
established xenografts of Hep 3B, with tumor diameters ranging from 5 mm to 8 mm. A single 
intratumoral injection was given with a dose of 1X10 7 pfu. This is in contrast to literatures where 
multiple injections with substantially higher viral dose were usually given (Mineta et aL, 1995; 
Pawlik et al 9 2000). The tumor size was measured weekly for 4 weeks. Compared with PBS 
control, injection of both Baco-1 and Synco-1 had immediate effect on the tumor growth (FIG. 
4). Starting from week 1 after virus injection, the tumor size from mice receiving both Baco-1 
and Synco-1 was significantly smaller than the rumors injected with PBS (p <0.001). On the 
other hand, starting from week 2, Synco-1 showed significantly enhanced anti-tumor effect than 
Baco-1 (P < 0.001). Half of the animals (5 out of 10) showed tumor free in week 3 after Synco-1 
administration, and the other half also had significantly reduced tumor size. In contrast, only one 
mouse in Baco-1 injected group showed tumor free. The tumors in other 9 mice shrank initially, 
then started to re-grow by week 3 after virus injection. By week 4 after virus administration - the 
end point of the experiment, the tumor sizes in Synco-1 injected group still remained small or 
tumor free, the average tumor size from Baco-1 injection becomes substantially larger than the 
tumor size of pre- virus administration. 
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EXAMPLE 4 

CONDITIONAL EXPRESSION OF GALV.FUS THROUGH A STRICTLY LATE 

VIRAL PROMOTER 
[0256] Uncontrolled expression of GAVL.fus, even in the context of an oncolytic 
virus, will undoubtedly pose a safety concern for the use of this virus. This is especially true 
when systemic administration is required, e.g. for disseminated metastatic tumors. A logical way 
to overcoming this potential problem is to use a tumor or tissue specific promoter to control the 
GALV.fus expression. Although there are quite a few tumor or tissue specific promoters 
reported, they generally have much lower activity than viral promoters and they also intend to 
lose their tissue specificity once cloned into viral vectors. The HSV genome transcription is a 
regulated cascade in which early and late phases of gene expression are separated by viral DNA 
replication. In particular, some of the late transcripts can be catagorized as strict late, whose 
expression are strictly depending on the initiation of viral DNA replication. It was reasoned that 
directing GALV.fus expression with such a strictly late viral promoter, in the context of an 
oncolytic HSV, leads to a high level, selective GALV.fus gene expression in tumor tissues. 

[0257] The UL38 promoter is a well-characterized strictly late viral gene and its 
promoter region has been well defined (Guzowski and Wagner, 1993). The GALV.fus gene was 
linked with the UL38 promoter and subsequently inserted as the gene cassette into fHSV-delta- 
pac by the strategy described in FIG. 1, to create Synco-2. Infection of different human tumor 
cells with Synco-2 showed that this virus also has a clear syncytial phenotype in these cells (FIG. 
5A 5 5B, 5C) and the extent of the cell fusion is similar to that of Synco-1 (as shown in FIG. 2). 

[0258] Two experiments were performed to determine if GALV.fus - mediated 
syncytial formation in Synco-2 is truly dependent on viral DNA replication. Firstly, human 
tumor cells were infected with either Synco-1 or Synco-2. with or without the presence of 
acyclovir (ACV) - a strong inhibitor of HSV DNA replication. The syncytial formation from 
Synco-1 is largely unaffected by the presence of ACV (FIG. 5D), while cell membrane fusion 
from Synco-2 was completely blocked by this drug (FIG. 5E). Secondly, it was directly tested if 
Synco-2 loses its ability of causing syncytial formation in normal non-dividing human cells. 
Primary human fibroblasts of either quiescent or cycling state were infected with either Synco-1 
(FIG. 5G-I) or Synco-2 (FIG. 5J-L) . The infection from both viruses caused syncytial formation 
this normal human cells when the cells were kept in dividing status, with the syncytia from 
Synco-1 infection (FIG. 5G) were slightly stronger than those from Synco-2 infection (FIG. 5J). 
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Synco-1 mediated cell fusion is only slightly affected in the cells whose cycling was either 
slowed down (FIG. 5H) or completely arrested (FIG. 51). On the other hand, Synco-2 medicated 
cell fiision was completely blocked in the cells whose cycling was slowed down (FIG. 5K) or 
arrested (FIG. 5L). The infected cells looked almost identical to the uninfected cells (FIG. 5F). 
Together, these results demonstrate that UL38 promoter is a strong and tumor specific promoter 
in the context of an oncolytic HSV and that driving GALV.fus gene with this promoter in an 
oncolytic HSV will create minimal extra side-effect from the administration of the virus. 

EXAMPLE 5 

EQUIVALENT ANTI-TUMOR POTENCY OF SYNCO-2 AND SYNCO-1 

[0259] The anti-tumor potency was compared between Synco-1 and Synco-2 by 
injecting the viruses into xenograft ed human liver cancer in nude mice through the same 
therapeutic scheme as described earlier. The results showed that both Synco-1 and Synco-2 have 
significantly better anti-tumor effect than Baco-1, starting from week 2 after virus administration 
(p < 0.00 1). On the other hand, there was no significant difference on the anti-tumor effect 
between Synco-1 and Synco-2 (FIG. 6A). Also administration of either Synco-1 or Synco-2 
resulted in the same number of mice tumor-free (5/10). These results demonstrate that Synco-2 
posses an equivalent anti-tumor potency as Synco-1, even though the GALV.fus expression in 
the virus is driven by a conditional viral promoter. 

[0260] Syncytial fonnation is indeed part of the oncolytic process of Synco-1 and 
Synco-2 mediated anti-tumor therapy. Established Hep 3B tumors were injected with oncolytic 
HSVs or PBS, and the tumors were excised 5 days later. Examination of stained tumor sections 
revealed that syncytia comprising a varying number of cell nucleus were frequently encountered 
across the tissue section of tumors injected with either Synco-l or Synco-2 viruses (FIG. 6B). 
Such syncytia were not seen in tissue sections of tumors injected with either Baco-1 or PBS. 

EXAMPLE 6 

EXEMPLARY METHODS AND MATERIALS FOR EXAMPLES 7-9 

Cells 

|0261] Both Vero (African green monkey kidney fibroblasts) cells, human 
embryonic fibroblasts (HF 333. We), and Hep 3B (human liver cancer cells) were obtained from 
the American Type Culture Collection. They were cultured in Dulbecco's modified Eagle 
medium (DMEM) supplemented with 10% fetal bovine serum (FBS). 



75 



WO 03/082200 



PCMJS03/09287 



Plasmid constructions 

[0262] The promoter and the enhancer region (das) of UL38, which has been well 
defined (Guzowski and Wagner, 1993), was amplified from HSV-1 DNA with the following pair 
of primers: forward 5 '-GTGGGTTGCGGACTTTCTGC-3' (SEQ ID NO:l) and reverse 5'- 
ACACTCACGC AAGGCGGAAC-3 ' (SEQ ID NO:2). The amplified promoter sequence was 
cloned into the unique Ncol site of plox-3H, which lies next to a copy of the HSV packaging 
signal flanked by recognition sites for the restriction enzyme Pad, to generate plox-UL38p. The 
gene encoding the secreted form of alkaline phosphatase (SEAP) was cut out from pSEAP- 
control (CLONTECH Laboratories, Inc. Palo Alto, CA) with Hpal and HindHI, and cloned into 
the unique Bglll site of plox-UL38p through blunt-end ligation. So in the new plasmid, 
designated pLox-AP, the SEAP gene is driven by the UL38 promoter. PIMJ-pac-AP was 
constructed by inserting the same AP gene (Hpal-HindlH fragment of pSEAP-control) into the 
downstream of the CMV-P contained in pM J-pac, which lies next to a copy of HSV pac 
flanked by Pad recognition sites. Pure plasmid DNA was obtained by alkaline lysis of bacterial 
culture and purified by QIAGEN-tip 500 column (QIAGEN, Valencia, CA). 

Generation of oncolytic HSV containing AP gene cassettes 

[0263] The AP gene cassette together with the pac sequence were cut out from 
either pLox-AP or pIMJ-pac-AP with Pad and gel-purified. They were then cloned into fHSV- 
delta-pac for the generation of infectious oncolytic HSV through an enforced ligation strategy. 
As illustrated in FIG. 7, fHSV-delta-pac is a bacterial artificial chromosome (BAC)-based HSV 
construct. As the diploid gene encoding y34.5 and both copies of HSV packaging signal (pac) 
have been deleted from the HSV sequence contained in fHSV-delta-pac (Saeki et a/., 1998), 
infectious HSV cannot be generated from this construct unless an intact HSV pac is provided in 
cis, and the generated virus is replication-conditional due to the deletion of both copies of y34.5 
gene. The ligation mixture was directly transfected into Vero cells using Lipofectamine (Gibco- 
BRL) and incubated for 3-5 days for the infectious virus to be generated. The viruses, designated 
Baco-APl (containing CMV-P-AP cassette) and Baco-AP2 (containing UL38p-AP cassette), 
were subsequently plaque purified. The presence of AP gene in the viruses was confirmed by 
detection of AP expression. To generate large viral stocks, Vero cells were infected with each of 
the viruses at 0.01 plaque-forming unit (pfu) per cell. The viruses were harvested 2 days later and 
subjected to 3 cycles of freeze-thaw, which was followed by 1 cycle of sonication. Cell debris 
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was removed by low-speed centrifugation (2,000 g at 4°C for 10 min), and the virus stocks were 
stored at -80°C. 

Transfection and infection of mammalian cells in vitro for quantification of AP release 

[0264] For in vitro plasmid DNA transfection, Vero cells were seeded in 6-well 
plates one day earlier at 2X10 5 cells/well and incubated at 37°C in a 5% C0 2 atmosphere. The 
plasmid DNA (2u.g) of pLox-AP or pIMJ-pac-AP was mixed with 5\xl of lipofectamine 
(GibcoBRL) according to the manufacturer's instruction. Before being applied to cells, the 
Hposome-formulated DNA was added to 1 ml of DMEM without serum. The cells (about 70% 
confluent) were exposed to the DNA-liposome complex for 3 h at 37°C, after which the 
transfection mixture was replaced with 2ml DMEM containing 10% FBS. Sixteen hours after 
transfection, the cells were either infected with 0.1 pfu/cell of Baco-1, an oncolytic HSV 
constructed the same way as Baco-APl or Baco-AP2 but contains the EGFP gene cassette 
instead, or mock infected (with medium only). The medium was collected 24 h later for the 
measurement of AP release. 

[0265] For in vitro characterization of Baco-APl and Baco-AP2, the embryonic 
fibroblasts were either kept in cycling phase by growing in medium containing 10% FBS, or 
were arrested with 20 uM lovastatin for 30 h in serum-free medium. Lovastatin is a chemical that 
induces cell-cycle arrest but does not interfere with HSV replication (Schang et aL 9 1998). The 
cells were then infected with either Baco-APl or Baco-AP2 at 0.1 pfu/cell and the medium was 
collected 24 h after infection for the quantification of AP release. 

Chemiluminescent AP assay 

[0266] AP activity in culture medium or blood serum was quantified using a 
commercial detection kit from CLONTECH Laboratories, Inc. (Palo Alto, CA). The assay was 
performed according to the manufacturer's instructions. Briefly, 25 ul of sample was added to 75 
jii of IX dilution buffer. After gentle mixing, the diluted samples were incubated at 65°C for 30 
min. The samples were cooled to room temperature, and 100 ul of assay buffer was added to 
each sample, followed by incubation for 5 min. at room temperature. Finally, samples were 
mixed with the solution containing chemiluminescent substrate C and enhancer at a ratio of 1:20, 
and incubated for 30 min at room temperature. The chemiluminescent emission was detected 
using a luminometer (Turner Designs Instruments; Sunnyvale, CA). 
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Animal Studies 

[0267] Six-week-old female Hsd athymic (nu/nu) mice were obtained Scorn Harlan 
(Indianapolis, Indiana). For the establishment of liver cancer, Hep 3B cells were cultured in 
standard conditions and were harvested in log phase with 0.05% trypsin-EDTA. The cells were 
washed twice with serum-free medium before they were resuspended in PBS at a concentration 
of 5 x 10 7 cells/ml. A total of 5 x 10 6 cells (in a 100-uI suspension) were subcutaneously injected 
into the right flank of each mouse. For intratumoral injection, when the tumors reached 
approximately 8 mm in diameter, they were injected with viruses (5 x 10 6 pfu in a 100 ul 
volume). For i.v. (tail-vein) or i.m. (into the right hind limb) injection, mice without established 
tumor were injected with the same amount of viruses. Blood was withdrawn from the mice at 
days 1, 2, 3, 4, 5 and 7 after virus inoculation for quantification of AP release. 

EXAMPLE 7 

CONSTRUCTION AND CHARACTERIZATION OF VECTORS 
[0268] To facilitate the in vitro and in vivo analysis of gene expression, the SEAP 
gene was linked with the UL38 promoter (UL38p). The same SEAP gene was also linked to the 
CMV-P as a control. To clone the gene into the oncolytic HSV, an enforced ligation strategy was 
utilized, which is more reliable and efficient for cloning foreign genes into HSV genome than the 
traditional homologous recombination. As depicted in FIG. 7, fHSV-delta-pac is a bacterial 
artificial chromosome (BAC) based construct that contains a mutated HSV genome, in which the 
diploid gene encoding y34.5 was partly deleted, and both copies of HSV packaging signal (pac) 
were completely deleted (Saeki et aL, 1998). Therefore, infectious HSV can not be generated 
from this construct unless an intact HSV pac is provided in cis. Any virus generated from this 
construct will be replication selective, due to the partial deletion of both copies of the yS4.5 gene. 
The SEAP gene cassettes were initially cloned into a middle plasmid to generate pIMJ-pac-AP 
and pLox-AP in which the gene cassettes are flanked by the recognition sites of restriction 
endonuclease Pad. The DNA fragments were then cut out with Pad and ligated into the unique 
Pad site located in the BAC sequence of fHSV-delta-pac. The ligation mixture was directly 
transfected into Vero cells and the virus grown from the cells was collected and plaque purified, 
to generate Baco-APl (containing CMV-P-SEAP cassette) and Baco-AP2 (containing UL38p- 
SEAP cassette), respectively (FIG. 7). 
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10269] The two viruses (Baco-APl and Baco-AP2) were then directly compared 
for their growth property in vitro. Vero cells were infected with the viruses at three different 
multiplicities of infection: 0.1, 1, and 5 plaque forming units (pfu) per cell. The viruses were 
harvested 24 and 48 h after infection and titrated by a plaque assay. There was no significant 
difference in the replication of these two viruses (Table 4). 



[0270] Table 4. Comparison of growth property of Baco-AP 1 and Baco-AP2 
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EXAMPLE 8 

IN VITRO CHARACTERIZATION OF UL38 PROMOTER ACTIVITY 

[0271] The background level of UL38p activity was determined, and the effect of 
HSV replication on transactivation of the promoter was investigated. pMJ-pac-AP (containing 
CMV-P AP cassette) and pLox-AP (containing UL38p AP cassette) DNA was transfected into 
Vero cells in duplicates. Sixteen hours after transfection, one set of the transfected cells were 
infected with an oncolytic HSV (Baco-1), which was constructed the same way as Baco-APl or 
Baco-AP2 except that it contained the enhanced green fluorescent protein (EGFP) gene cassette 
instead of SEAP. The other set of transfected cells was mock infected (with medium only). 
Twenty-four hours later, the medium was collected from both sets of cells and the AP released in 
the medium was quantified. The results showed that without HSV infection, AP in the medium 
of cells transfected with pLox-AP was barely detectable (FIG. 8). However, in the presence of an 
oncolytic HSV infection , the AP expression increased by 70 fold, reaching almost half the level 
of the AP released from pIMJ-pac-AP-transfected cells. HSV infection also substantially 
increased the level of AP expression from CMV-P, likely because HSV infection transactivates 
CNfV-P activity (Herrlinger et al, 2000). These data demonstrate that the UL38p has extremely 
low basal activity, which is greatly increased in the presence of lytic HSV infection. 
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[0272J The activity' of UL38p in an oncolytic HSV in vitro was characterized. The 
promoter activity was compared in normal human cells in either a quiescent or a cycling state. 
Primary human fibroblasts were plated in 12-well plates in duplicate. One set was treated with 20 
|iM lovastatin, a drug that induces cell-cycle arrest but does not interfere with HSV replication 
(Schang et ai, 1998). Both arrested and un-treated (i.e. cycling) cells were then infected with 
either Baco-APl or Baco-AP2 at 0.1 pfii/cell. The culture medium was collected 24 h after 
infection and the AP in the medium was quantified. The result showed that the AP expression 
from UL38p (from Baco-AP2 infected cells) was actually slightly higher than that of CMV-P 
(from Baco-APl) in the cycling cells (FIG. 9). However, when the cell cycle was arrested, 
UL38p activity was reduced to low levels. Due to the inhibitory effect of cell arrest on the 
replication and spread of oncolytic HSV, the AP expression from the CMV-P is also 
substantially reduced, but the degree of inhibition in the UL38p containing virus (Baco-AP2) is 
much more substantial (less than two fold versus 40-fold). 

EXAMPLE 9 

IN J1VO CHARACTERIZATION OF UL38 PROMOTER ACTIVITY IN THE 
CONTEXT OF ONCOLYTIC HSV 
[0273] Tumor selective gene expression of UL38p in the context of oncolytic HSV 
in vivo was demonstrated. A human xenografted liver tumor (Hep 3B) was established 
subcutaneously on the right flank of athymic nude mice. Once the tumor size reached around 8 
mm in diameter, the viruses (Baco-APl or Baco-AP2) were injected intratumorally at a dose of 
5X10 6 pfu. At the same time, mice that did not receive tumor inoculation were injected with the 
same amount of the viruses either by intravenous (i.v.) or intramuscular (i.m.) injection. Blood 
was collected at different time points after virus injection and quantified for the AP release. The 
AP concentration in the mice injected intratumorally with either of the viruses started to increase 
by day 2 after virus administration, and reached their peak level by day 3. The AP release started 
to decline afterwards, but was maintained at a relatively high level for the rest of the experiment 
(FIG. 10). The AP release from Baco-APl was marginally higher than that of Baco-AP2 during 
the entire experiment except on the last time point (day 7) when the former was slightly lower 
than the later (P>0.05). By contrast, there were significant differences on the AP release at day 2, 

3 and 4 after the viruses were injected intravenously (P <0.01). Intravenous injection of Baco- 
AP2 only produced a slight increase of AP in the blood of the animals at day 2 and day 3. By day 

4 after virus administration, the AP returned to the background level and then stayed at the low 
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level for the rest of the experiment. However, i.v. injection of the same amount of Baco-APl 
produced a much higher AP release in the serum before day 5 after virus inoculation. AP in the 
blood of mice receiving either of the viruses intramuscularly stayed at the basal level for the 
entire experimental period, which is probably due to poor transduction of myoblasts in adult 
mice by HSV vectors. Together, these results demonstrate that in the context of an oncolytic 
HSV, UL38p can direct a strong and tumor selective gene expression during its in vivo 
administration. 

EXAMPLE 10 

EXEMPLARY MATERIALS AND METHODS FOR EXAMPLES 11-13 
Cell lines Mice 

[0274] African green kidney (Vero) cells were purchased from American Tissue 
Culture Collection (Rockville, MD). The human cell line HEY and SKOV3 were kindly gifted 
from Dr. Robert Bast (MD Anderson Cancer Center, Houston, Texas). Hey cell was established 
from a peritoneal deposit of a moderately differentiated papillary ovarian cystoadenocarcinoma, 
and it has been reported to be moderately resistant to chemotherapeutic agent (Selby et al 9 1980; 
Buick et aL, 1985). All cells were cultured with DMEM containing 10% fetal bovine serum 
(FBS) and antibiotics in a humidified 5% C0 2 atmosphere. Female Hsd athymic (nu/nu) mice 
(obtained from Harlan, Indianapolis, Indiana) were bred under specific pathogen-free conditions 
and used for experiments at age of 7 to 8 weeks. 



Construction of fusogenic HSV vectors 

[0275] All oncolytic HSVs were derived from fHSV-delta-pac, a bacterial artificial 
chromosome (BAC)-based construct that contains a mutated HSV genome, in which the diploid 
gene encoding y34.5 and both copies of HSV packaging signal (pac) have been deleted (Saeki et 
al, 1998). Infectious HSV cannot be generated from this construct unless an intact HSV pac is 
provided in cis. To insert from foreign genes and to generate infectious viruses from fHSV-delta- 
pac, we used an enforced ligation strategy (FIG. 11). First, two gene cassettes (GALV.fus driven 
by the UL38 promoter, and the green fluorescent protein gene driven by the CMV promoter) 
were cloned into pSZ-pac so that each was linked with a HSV sequence containing HSV pac. 
The EGFP gene cassette was cut from pEGFP-Nl (Clontech, Palo Alto, California) with Asel 
and Afllll. The GALV.fus gene was cut from pCR3.1-GALV and linked with the promoter and 
enhancer region (DAS) of UL38, which has been well defined (McGuire et a/., 1996). The 
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GALV.fus or EGFP gene cassette that was linked with the HSV pac, was then cut from the 
plasmids and directly ligated into the unique Pad site of fHSV-delta-pac. The ligation mixture 
was directly transfected into Vero cells using LipofectAMINE (Gibco-BRL) and incubated for 3- 
5 days for infectious virus to be generated. The viruses were subsequently plaque purified were 
designated Baco-1 (containing the DNA fragment of EGFP and pac) and Synco-2 (containing 
UL38-GALV.fus and pac). And then, to generate the enhanced fusogenic potent HSVs, random 
mutagenesis of Synco-2 was performed according to a procedure published previously (Fu and 
Zhang, 2002; SchafFer et ai, 1973). Viral stocks were prepared by infecting Vero ceils with the 
virus at 0.01 plaque-forming units (pfu) per cell, harvested after 2 days and stored at -80°C. 

[0276] Membrane fusion capability was first introduced into a conventional 
oncolytic HSV, Baco-1 (2), through random mutagenesis of incorporation of the thymidine 
analogue BrdU during viral replication in Vero cells (Fu and Zhang, 2002). The virus was 
phenotypically identified and purified to homogeneity. The gene encoding the hyperfusogenic 
GALV.fus, driven by the strict late promoter of the UL38 gene, was then cloned into the BAC- 
based viral genome through an enforced ligation strategy, to replace the enhanced green 
fluorescent protein gene of Baco-1. One of the plaque-purified viruses, designated Synco-2D, 
was chosen for further characterization. 
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Characterization of Synco-2D and in vitro cell killing assay 

10277] Hey or SKOV3 ovarian cancer cells were seeded into 6-well plates, and 
then infected the following day with Baco-1 or Synco-2D at a dose of 0.01 pfu/cell. Cells were 
cultured in a maintenance medium (containing 1% FBS) and were left for up to 2 days to allow 
the fusion pattern and plaques to develop. To measure in vitro killing effect of viruses, Hey or 
SKOV3 tumor cell lines were seeded into 24-well plates and were infected with Baco-1 or 
Synco-2D at 0.1 and 0.01 pfu/cell, or were left uninfected. Cells were harvested 24 h or 48 h later 
through trypsinization. The number of v/able cells was counted on a hemocytometer after trypan 
blue staining. The percentage of cell viability was calculated by dividing the number of viable 
cells from the infected well by the number of cells from the well that was left uninfected. The 
experiments were done in triplicate, and the averaged numbers were used for the final 
calculation. 

Experimental design of in vivo virotherapy for orthotopic ovarian cancer models 

[0278J To produce tumors, Hey cells were harvested from subconfluent cultures by 
a brief exposure to 0.25% trypsin and 0.05% EDTA. Trypsinazation was stopped with medium 
containing 10%FBS, and cells were washed once in serum-free medium and resuspended in 
PBS. Only single cell suspensions with >95% viability were used for the in vivo injection. 
Briefly, on day 0, 3xl0 5 viable Hey cells were inoculated into the peritoneal cavities of 8 weeks 
old female nude mice. On day 14 and 28 after tumor inoculation, intraperitoneal administration 
of HSV vector (2xl0 7 pfu/200^1) was initiated at a different site from tumor cells inoculated. To 
provide objective, blinded data, mice were implanted with Hey tumor and randomized into three 
groups of eight animals. These groups included; (a) controls to which phosphate-buffer saline 
(PBS) was administered; (b) mice treated on day 14 and 28 with Baco-1; and (c) mice treated on 
day 14 and 28 with Synco-2D. On day 42 after rumor cell inoculation, mice were euthanized by 
CO2 exposure and subjected to macroscopic (number of tumor nodule, tumor volume) analysis in 
a blinded fashion. 

Statistical Analysis 

[0279] Quantitative results are expressed as meandbstandard deviation of the mean. 
The statistical analysis was performed by Student's / test or one-way ANOVA, with the 
exception of the survival data that were analyzed by the Kaplan-Meier plot and the log-rank 
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(Mantel-Cox) test using Statview 5.0 software (Abacus Concepts, Berkeley, CA). P values less 
than 0.01 were considered significant in this study. 

EXAMPLE 11 

GENERATION AND CHARACTERIZATION OF NEWLY FUSOGENIC HSV VECTOR 
[0280] In specific embodiments of the present invention, the inventors sought to 
overcome deficiencies in the art including reduced potency of viruses in tumors due to deletions 
that confer viral replication selectivity and, unlike other therapeutic strategies (such as prodrug 
enzyme delivery), the antitumor activity of oncolytic HSV does not potentiate a significant 
bystander effect. The bystander effect is considered to be crucial for effective antitumor therapy 
for advanced cancers, particularly ovarian, because it compensates for the limited efficiency of 
vector delivery and spread in, for example, the abdominal cavity. Therefore, it is likely that 
additional improvements on both the potency and killing ability of these oncolytic viruses is a 
requisite to obtaining a clear clinical benefit for cancer treatment, particularly for ovarian cancer. 

[0281] To overcome these problems, employing the natural cellular membrane 
fusion activity of viral fusogenic membrane glycoproteins (FMGs) is an additional possible 
method to accomplish virus dispersion. Historically, FMGs were expressed from their native 
viruses such as influenza virus, measles vims, and vesicular stomatitis virus. These fusogenic 
viruses were used therapeutically to induce oncolysis (Bateman et aL, 2000). More recently, 
recombinant DNA forms of FMGs have been expressed from plasmid and heterogeneous viral 
vectors (Hhiguchi et aL, 2000; Diaz et aL, 2000). Importantly, expression of the recombinant 
protein from these vectors has been shown retain the biological activity of the FMGs as 
antitumor agents. Furthermore, the bystander killing effect from this protein is at least 10 times 
higher than the effect from the suicide gene/prodrug system such as HSV-TK/GCV or CD/5-FC 
(Higuchi et aL, 2000). 

[0282] Hence, the present inventors have modified the fusogenic potency of 
oncolytic HSV. In specific embodiments, the present inventors have generated a new type of 
fusogenic HSV vector by combination of random mutagenesis and insertion of GALV.fus. To 
determine whether the virus killed widely for ovarian tumor cells, the extent of syncytial 
formation induced by HSV infection was examined in vitro. After that, for the purpose of a 
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providing a novel agent for intraperitoneal therapy of ovarian cancer, the antitumor efficacy of 
the virus was evaluated in an orthotopic model of advanced ovarian cancer in athymic mice. 

[0283] Synco-2 was subjected to random mutagenesis through incorporation of the 
thymidine analogue BrdUrd during its replication in Vero cells. The rnutagenized virus stock was 
then screened for the ability to confer a syncytial phenotype on infection of Vero cells. Plaques 
that were predominantly formed from syncytial formation were collected, and one isolate, 
designated Synco-2D, consistently showed a strong syncytial phenotype after a few passages. 
After then, this virus purified to homogeneity through multiple rounds of plaque purification 
from 100% of plaques displayed a syncytial phenotype. To characterize phenotypically the 
newly isolated oncolytic virus, Hey and SKOV3 ovarian tumor cells were infected with Baco-1 
or Synco-2D at 0.01 pfu/cell. As shown in FIGS. 12E and 12F, the syncytial phenotype of 
plaques after Synco-2D infection was strikingly different from the ordinary plaques derived from 
infection of Baco-1. Actually, by 24 h after infection, the infection foci of Baco-1 were relatively 
small and were composed mainly of round cells that are characteristic of a standard HSV 
infection. In contrast, the plaques from Synco-2D infection were composed entirely of cells that 
were fused together, such that the boundaries of individual cells were almost invisible. Each 
plaque from Synco-2D infection covered an area equivalent to several hundred cells, in sharp 
contrast to those from Baco-1 infection in which substantially fewer cells were involved. By 48 
h, the infection foci from Baco-1 infection had gotten larger, but by 72 h the monolayer still had 
not reached 100% CPE. However, the cells infected by Synco-2D displayed a markedly different 
phenotype; by 48 h, the cells in the entire dish were fused together (and appeared like a "fishing 
net"), and by 72 h, the cells appeared contracted (resembling a "a big lake"). These phenomenon 
showed that Synco-2D was phenotypically different from the parental Baco-1 virus and, because 
of its additional cell membrane fusion feature, had a much stronger cell-killing ability than Baco- 
1. 

EXAMPLE 12 

COMPARISON OF/iV VITRO TUMOR CELL KILLING 
[0284] The ability of Synco-2D to destroy tumor cells was further characterized. 
The cells were infected with Baco-1 or Synco-2D at a relatively low multiplicity of infection (0.1 
and 0.01 pfu/cell), which assesses both the inherent cytotoxicity of the input virus as well as the 
ability of the virus to replicate and spread in these cells. The cytotoxic effect of the virus 
infection on the rumor cells was quantified by calculating the percentage of cells that survived 
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after the virus infection. In Hey and SKOV3 cell lines, Synco-2D had a significantly stronger 
ability to kill these tumor cells than Baco-1 (pO.Ol). At an infection dose of 0.01 pfu/cell, 
Synco-2D suppressed the cell viability under 50% within 24 h (FIG. 13A), moreover, this was 
particularly evident at an infection dose of 0.1 pfu/cell (FIG. 13B). 

EXAMPLE 13 

THERAPEUTIC EFFICACY OF NEWLY MODIFIED FUSOGENIC HSV VECTOR 
FOR ORTHOTOPIC OVARIAN CANCER MODEL 
[0285] In an orthotopic model of ovarian cancer, 3xl0 5 viable HEY cells 
inoculated into the peritoneal cavities of nude mice. In this model, no macroscopic or 
histopathological evidence of a tumor was observed in control mice that were sacrificed either 2 
or 7 days after intraperitoneal inoculation of Hey cells, described previously (Auzenne et aL, 
2002). However, after 14 days of tumor inoculation when the HSV vectors were administered 
intraperitoneally, tumors had become well established. Actually, for implanted with Hey tumors, 
the first sign of tumor growth was needle track in the muscle of the abdominal wall, and 
eventually palpable intraperitoneal tumor through abdominal wall was evident (the tumor 
diameters approximated 3 mm) after 14 days of tumor inoculation. As the latter progressed, 
cachexia became more significant, especially in PBS treated mice. These morbid symptoms 
eventually required humane sacrifice. They did not display prominent abdominal distention from 
ascites. On occasion, mice bearing either tumor succumbed between daily observation and before 
the opportunity to sacrifice them. In this case, the day of death was considered to be the day 
before the date they were discovered. All the PBS-treated mice died within 40 days (36.5±0.7 
days) because of cachexia or intraperitoneal dissemination (FIG. 14A). In addition, only PBS- 
treated mice appeared intraperitoneal dissemination (at number of 2.5±0.9) and the peritoneal 
thickness (Table 5, FIG. 14A). 



Table 5. Fusogenic oncolytic HSV therapy for ovarian cancer in the peritoneum 



Treatment 


N 


incidence 


nodule 


tumor weight (g) death 


tumor free 


PBS (control) 


8 


8/8 


2.5±0.9 


1.0i0.6 


8/8 


0/8 


Baco-1 


8 


8/8 


1.0±0.0 & 


1.5±0.7 


3/8* 


0/8 


Synco-2D 


8 


2/8 a 


0.25*0.4° 


0.1±0.3" 


0/8 a 


6/8 " 



Hey ovarian cancer cell (3x10 s ) were inoculated into the peritoneal cavity of nude mice. 
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[0286] After 14 days of Hey cell inoculation, group of mice were treated with once 
per two weeks 

[0287] intraperitoneal administration of PBS or Baco-1 or Synco-2D. 

[0288] a p<0.01 as compared with the other group; b p<0.01 as compared with 

control 

[0289] On the other hand, three of Baco-1 treated mice died till the euthanized day, 
and the residual five mice bore a single but large tumor as same as the PBS-treated mice at die 
euthanized day. Surprisingly, only two mice developed much smaller tumors. There was 
statistically significant difference in the number or weight of tumors from other two groups 
(p<0.01) (Table 5). Moreover, the beneficial therapeutic effects of the administration with 
Synco-2D were also reflected on the complete remission from cancer state and survival 
prolongation (Table 5, FIG. 15). There was also statistically significant difference from the other 
group (p<0.01). 

EXAMPLE 14 

EXEMPLARY MATERIALS AND METHODS FOR EXAMPLES 15-17 

Cell lines and viruses 

[0290] African green monkey kidney (Vero) cells were purchased from American 
Tissue Culture Collection (Rockville, MD). Vero cells were cultured with DMEM containing 
10% fetal bovine serum (FBS) and antibiotics in a humidified 5% C0 2 atmosphere. PC-3M-Pro4 
cell is a highly metastatic prostate cancer cell line (Pettaway et aL, 1996). This cell line was 
grown in RPM1 1640 supplemented with 10% FBS. For in vivo inoculation, cells were harvested 
from culture flasks after a brief trypsinization. Only single-cell suspensions of >95% viability 
(trypan blue exclusion) were used for inoculation. 

[0291] The oncolytic HSVs were derived from fHSV-delta-pac, a bacterial 
artificial chromosome (BAC)-based HSV construct, and the details for their construction has 
been described elsewhere (Fu et al, in press, Molecular Therapy; Nakamori et ai, in press, 
Clinical Cancer Research). Briefly, to generate Baco-1 and Synco-2, the enhanced green 
fluorescent protein gene (EGFP, for Baco-1) or GALV.fus (for Synco-2), together with the HSV 
packaging signal sequence, were ligated into the unique Pad site in fHSV-delta-pac. The 
ligation mixture was subsequently transfected into Vero cells for virus production. To generate 
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Synco-2D, Baco-1 was initially subjected to random mutagenesis followed by screening for the 
syncytial phenotype as described (Fu and Zhang, 2002). After that, the circular form of viral 
DNA was obtained by extracting virion DNA from Vero cells shortly (1 h) after virus infection, 
through a method previously described (Zhang et a/., 1994). The viral DNA was then- 
transformed into competent E. coli cell DH-10B through electroporation. The gene cassette 
encoding green fluorescent protein (GFP) in the Baco-1 viral genome was then cut out with Pad 
and replaced with GALV. fus (driven by the conditional UL38 promoter of HSV) through an 
enforced ligation strategy as described (Fu et aL, in press, Molecular Therapy). The ligation 
mixture was directly transformed into Vero cells using Lipofect^MINE (GEBCO-BRL) and 
incubated for 3-5 days for infectious virus to be generated. The virus was subsequently plaque 
purified. Viral stocks were prepared by infecting Vero cells with the viruses at 0.01 plaque- 
forming units (pfu) per cell, harvested after 2 days and stored at -80°C. The viral titers were 
quantified by plaque assay and were represented as plaque forming units (pfu). 

In vitro phenotypic characterization and cell killing assay 

[0292] For in vitro phenotypic characterization of the fusogenic oncolytic HSVs, 
PC-3M-Pro4 cancer cells were seeded into 6-well plates. The cells were infected the following 
day with serially diluted viruses (Baco-1, Synco-2, or Synco-2D) and were cultured in a 
maintenance DMEM medium (containing 1% FBS) for up to 3 days to allow the fusion pattern 
and plaques to develop. To evaluate the cytotoxicity of each virus in vitro, PC-3M-Pro4 cells 
were plated at 5xl0 4 cells/well in 12-well plate. Cells were infected by Baco-1, Synco-2 or 
Synco-2D at 0.01 and 0.1 pfu/cell, respectively. Cells were harvested at 24 h intervals, and the 
cell viability was determined using trypan blue staining. The percentage of cell viability was 
calculated by dividing the number of viable cells from the infected well by the number of cells 
from the well that was left uninfected. The experiments were done in triplicate, and the averaged 
numbers were used for the final calculation. 



Animal studies 

[0293] BALB/cByJIcrSmnHsd-scid mice (7-8 week old) were obtained from 
Harlan (Indianapolis, Indiana) and were kept in groups of four or fewer under specific pathogen- 
free conditions. All animal studies were approved Baylor College of Medicine Animal Care and 
Use Subcommittee and were performed in accordance with its policies. For surgical procedures, 
all of the mice were anesthetized with an intraperitoneal injection of mixture solution containing 
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2.5% 2,2,2-tribromoethanol and tert-amylalcohol (1:1). Orthotopic inoculation was performed 
according to a procedure described in the literature (Stephenson et al. s 1992). Briefly, a 
transverse incision was made in the lower abdomen. After the abdominal wall muscles were 
split, the bladder and seminal vesicles were exposed and retracted anteriorly to reveal the dorsal 
prostate. Then, 2 x 10 5 PC-3M-Pro4 cells suspended in 10 \xl of PBS were carefully injected 
under prostate capsule using a 30-gauge needle and glass Hamilton syringe (Hamilton Syringe 
Co., Reno, NV). Formation of a bulla indicated a satisfactory injection. The incision was closed 
with a single layer of surgical clips (Autoclip; Clay Adama, Parsippany, NJ). Lung metastases of 
prostate cancer were established through tail vein injection of PC-3M-Pro4 (1 x 10 5 /100 pi) at 
the next day after orthotopic tumor inoculation (Hull et al. 5 2000). Mice were then randomly 
divided into 4 groups (n=S) and were injected through tail vein twice with either PBS (as 
control), or with 2 x 10 7 pfu of viruses (Baco-1, Synco-2> or Synco-2D, at a volume of 100 
on 7 and 14 days after the tumor inoculation. Forty days after orthotopic tumor inoculation, mice 
were euthanized by C0 2 inhalation. Primary tumors were excised and weighted. At the same 
time, animal lungs were resected, washed in saline, and placed in Bouin's fixative. Lung 
metastases were counted with the aid of a dissecting microscope 24 h later as described 
previously (Shevrin et al.,.19S9). 

Statistical Analysis 

[0294] Quantitative results are expressed as mean ± standard deviation. The 
statistical analysis was performed by one-way ANOVA using Statview 5.0 software (Abacus 
Concepts, Berkeley, CA). P values less than 0.05 were considered significant in this study. 

EXAMPLE 15 

SYNCYTIAL FORMATION OF FUSOGENIC ONCOLYTIC HSVS IN PC-3M-PR04 

PROSTATE CANCER CELLS 

[0295] In the following Examples, the antitumor efficacy of different versions of 
oncolytic HSVs was evaluated in a murine model bearing both primary tumor and lung 
metastasis of human prostate cancer xenografts, which were established through simultaneous 
orthotopic and systemic injection of the human prostate cancer cell line, PC-3M-Pro4. The data 
demonstrated herein that oncolytic HSVs, such as, for example, Synco-2D, is a potent 
therapeutic agent on this exemplary tumor model and that intravenous administration of this 
virus led to a significant shrinkage of the primary tumor and a dramatic reduction of tumor 
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nodules in the lung. These results indicate that systemic administration of this potent fusogcnic 
oncolytic HSV is an effective treatment for metastatic human prostate cancer. 

[0296] The exemplary human prostate cancer cell line PC-3M-Pro4 was chosen for 
both in vitro and in vivo experiments. This cell line was selected from PC-3M through repeated 
cycles of orthotopic inoculation/harvest in athymic mice, and has been shown to efficiently 
establish lung metastases after intravenous injection into immune deficient mice (Pettaway et al., 
1996). To phenotypically characterize Synco-2D on human prostate cancer line PC-3M-Pro4, the 
cells were infected with serially diluted viruses (Baco-1 3 Synco-2, or Synco-2D). At different 
times after infection, photos were taken from a typical plaque formed by virus infection. As 
shown in FIG. 16, while infection of Baco-1 produced typical plaques that were formed from 
round cells, plaques from Synco-2 or Synco-2D infection were phenotypically different and were 
composed entirely of cells that were fused together. The plaque from Synco-2D infection was 
significantly larger than the one from Synco-2 or Baco-1. The plaque size from 24 h infection is 
almost equivalent to that of 48 h infection from Synco-2. By 48 h after infection, the plaque size 
was too big to be taken in a single microscopic field. This result indicates that, due to its double 
fusion capability, Synco-2D may have a stronger tumor-cell killing ability than the singly 
fusogenic oncolytic HSV Synco-2. 

EXAMPLE 16 

DIRECT COMPARISON OF SINGLY AND DOUBLY FUSOGENIC ONCOLYTIC 
HS VS ON KILLING PROSTATE CANCER CELLS 
[0297] To demonstrate that the enhanced ability to induce syncytial formation of 
Synco-2D correlates with an increased ability to destroy tumor cells, PC-3M-Pro4 cells were 
infected with Baco-1, Synco-2, or Synco-2D at a relatively low multiplicity of infection (0.1 and 
0.01 pfii/cell), which assesses both the inherent cytotoxicity of the input virus as well as the 
ability of the virus to replicate and spread in these cells. The cytotoxic effect of the virus 
infection on the tumor cells was quantified by calculating the percentage of cells that survived 
after the virus infection against the cells in a well that received no virus infection. The results 
showed that as compared with Baco-1 , both ftisogenic oncolytic HSVs have a significantly 
higher cytotoxic activity in this tumor cell line at both doses and the time points of harvest, with 
the only exception of the early time point (24 h) and the lower viral dose (0.01 pfu/cell) (FIG. 
17). Direct comparison between Synco-2 and Synco-2D revealed that the doubly fusogenic HSV 
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had a significantly stronger cytotoxic ability than the singly fusogenic virus at all the time points 
of either viral doses (PO.01). At an MOI as low as 0.01 pfu/cell, Synco-2D infection reduced 
the cell viability to less than 50% within 24 h. The virus-mediated cytotoxicity was more evident 
at the higher dose of virus infection (0.1 pfu/cell). Synco-2D infection resulted in complete 
destruction of the tumor cells at 72 h after infection when the cells were initially hit with 0.1 
pfu/cell. These results indicate that incorporation of an extra cell-membrane fusion mechanism 
into a singly fusogenic oncolytic HSV can further enhance the ability of the virus to destroy 
tumor ceDs in vitro. 

EXAMPLE 17 

THERAPEUTIC EFFICACY ON PRIMARY TUMOR AFTER SYSTEMIC DELIVERY 
[0298J To evaluate the potency of these fusogenic oncolytic HSVs on human 
prostate cancer, both primary and metastatic xenografts were established through orthotopic and 
systemic injection of PC-3M-Pro4 into SOD mice. Eight days after tumor cell implantation, five 
mice were checked surgically and all of them were found to have primary tumor formation at 
sizes around 2 mm in diameter. At that time point, mice were given first intravenous injection 
(through tail vein) of either oncolytic viruses (Baco-1, Synco-2 or Synco-2D) at a dose of 2X1 0 7 
or the same volume (00 |il) of PBS as a control. A repeated injection with the same dose of virus 
was given one week later. Forty days after the initial inoculation of PC-3M-Pro4 cells, orthotopic 
tumors were expianted and weighted. Regional lymph node metastasis and lung metastasis were 
identified and numerated macros copically with a dissecting microscope. Three mice from PBS- 
treated group died before the end point of the experiment (at day 33, 35 and 36 after initial tumor 
inoculation, respectively). The tumor volume and the metastatic nodules in these 3 mice were 
determined the same way as described and the data were combined with the data obtained from 
the rest of mice that were sacrificed by the end of the experiment 

[0299] The results showed that systemic delivery of oncolytic HSVs had a 
significant therapeutic effect on the growth of the established prostate cancer on the primary site. 
By the time the animals were sacrificed (or the tune when the animals died due to tumor 
overgrowth), the orthotopic tumor in PBS-treated mice reached a very large volume, with an 
average weight of 2.17±0.59 mg (FIG. 18). Systemic administration of a conventional oncolytic 
HSV Baco-1 produced noticeable suppression on the growth of the orthotopic tumor. The 
average weight of the orthotopic tumor in this group of mice is 1.57±0.36 mg, which represents 
almost 30% reduction of the tumor size over the PBS control group. The therapeutic effect on the 
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orthotopic tumor from the fusogenic oncolytic HSVs is even more profound: the average tumor 
weight in mice treated with either Synco-2 or Synco-2D is less than half of those in Baco- treated 
mice. Although the tumor volume from Synco-2D-treated mice is even smaller than that in mice 
treated with Synco-2 (0.45*0.21 mg Vs. 0.64±0.22 mg), this difference is not statistically 
significant (p=0.287). These results revealed that both Synco-2 and Synco-2D are significantly 
more effective than Baco-1 on reducing orthotopic tumor burden after systemic administration, 
and that Synco-2D is only marginally better than Synco-2 against the established orthotopic 
tumor. 

[0300] Systemic administration of oncolytic HSVs also produced dramatic 
therapeutic effects on the lung metastases of prostate cancer (Table 6). 



Table 6. Therapeutic effect of oncolytic HSVs on lung metastases of PC-3M-Pro4 



Treatment 


PBS (control) 


Baco-1 


Synco-2 


Synco-2D 


Lung metastases 


25.4±12.2 


12.5±3.1" 


6.8±2.2 a -° 


l.l±1.6 flAe 


LN metastases 


1.6±0.9 


ND 


ND 


ND 



Lung metastases were established through tail vein injection of PC-3M-Pro4 (1 x 10 5 /100ul), 
which was given one day after orthotopic tumor inoculation. The therapeutic scheme was the 
same as described in FIG. 18. Forty days after orthotopic inoculation, mice were euthanized by 
CO2 inhalation and their lungs were resected, washed in saline, and placed in Bouin's fixative. 
After then, lung metastases were counted with the aid of a dissecting microscope 24 h later. 

[0301] ND: not detected; a p<0.01 as compared with control; b p<0.01 as compared 
with Baco-1 : c p<0.05 as compared with Synco-2 

[0302 J Compared with mice treated with PBS, where an average of 25.4±12.2 
tumor nodules per lung were recorded, mice that were given Baco-1 only had half of the 
metastatic nodules in their lung. The most dramatic result was obtained in the group where mice 
received Synco-2D administration. On average, only 1.1±1.6 tumor nodules per lung were found 
in the animals in this group, which is significantly less than the number of lung metastatic 
nodules (6.8±2.2) recorded in animals treated with Synco-2 (p=0.0424). On the other hand, both 
Synco-2 and Synco-2D had a significantly better therapeutic effect on lung metastasis than Baco- 
1 (p<0.01). Tumor metastasis to the local draining lymph nodes was also assessed at the endpoint 
of the treatment. The result showed that administration of either Baco-1 or any of the fusogenic 
oncolytic HSVs effectively prevented the lymph node invasion of the orthotopic tumor, as the 
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tumor metastasis to the local lymph nodes was only detected in the PBS control group. Together, 
these results demonstrate that in correlation with its increased ability to kill cultured tumor cells, 
the doubly fusogenic oncolytic HSV is more potent than the singly fusogenic oncolytic HSV at 
treating lung metastasis of prostate cancer after systemic administration. 

EXAMPLE 18 

TUMOR DESTRUCTION BY FUSOGENIC ONCOLYTIC HSV INDUCES STRONG 

ANTITUMOR IMMUNITY 
[0303] Immunotherapy is potentially a very useful treatment modality for cancer, 
as it has the ability to eradicate residual tumors that are difficult to manage by conventional or 
other gene therapy approaches. However, despite several tumor-associated antigens that have 
been identified recently (Boon and van der Bruggen, 1996), clinical success using these antigens 
as vaccines has yet to be shown. Consequently, cancer vaccines derived from whole tumor cells, 
which theoretically covers the entire repertoire of tumor antigens in a single vaccine preparation, 
have been extensively exploited (Dranoff et al., 1993; Schadendorf et al, 2000). The success of 
this whole-cell vaccine approach, either through ex vivo or in vivo manipulation, will largely 
depend on the development of simple and efficient strategies to stimulate tumor antigen 
presentation in vivo. 

[0304] Recently it has been reported that the biochemical mechanisms by which 
cancer cells are destroyed are of considerable importance to the subsequent immunogenicity of 
the tumor (Melcher et al., 1998). It is considered that for efficient presentation, the tumor antigen 
has to be released in such a way that the immune system reacts to it in the context of 
physiological danger signals - such as uncontrolled tissue destruction or cell death by cell killing 
mechanisms that can induce necrotic cell death (Matzinger, 2002; Melcher et al., 1999). In 
particular, it has been shown that introduction of viral FMGs into tumor cells can lead to tumor 
cell killing through nonapoptotic, autophagic-like mechanisms, which can potentiate antitumor 
immune response through induction of stress-related proteins (Bateman et al., 2000; Melcher et 
al., 1998; Basu et al., 2000). Local tumor destruction by syncytia formation has also been shown 
to be accompanied by release of vesicles reminiscent of exosomes (syncytiosomes), which can 
load dendritic cells (DCs) more effectively than exosomes from cells dying by other 
mechanisms, and tiierefore promotes cross presentation of tumor antigens (Bateman et al., 2002). 
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[0305] In specific embodiments of the present invention, efficient tumor 
destruction by a fusogenic oncolytic HSV releases a large quantity of tumor antigens, and the 
unique mechanism of tumor destruction by syncytia formation facilitates the tumor antigen 
presentation, leading to the generation of a potent antitumor immunity. The combined action of a 
fiisogenic oncolytic HSV (whose direct oncolysis can debulk established breast cancer, for 
example) and the induced antitumor immunity that can clear the residual tumor, will lead to a 
complete eradication of established cancer, such as, for example, breast cancer. 

[0306] Destruction of non-immunogenic murine mammary tumor by a doubly 
fusogenic oncolytic HSV, but not the non-fusogenic counterpart, indeed induced a high level of 
cell-mediated antitumor immunity. 

[0307] Most of murine tumor cells are non-permissive to HSV infection. Among 
the few murine tumor cell lines moderately permissive to oncolytic HSV infection are N18 
(neuroblastoma), MC26 (colon carcinoma) and EJ-6-2-Bam-6a Ras-transformed fibroblasts 
(Chahlavi et ah, 1999; Yoon et al., 2000; Lambright et al, 2000). To identify murine mammary 
tumor cells suitable for establishing tumors in syngeneic immune competent mice, a panel of 
murine mammary tumor cell lines were collected and screened. Among them, 4T1, a 6- 
thioguanine-resistant cell line derived from a BALB/c spontaneous mammary carcinoma and 
kindly provided by Dr. Fred Miller (Michigan Cancer Foundation, Detroit, MI) (Aslakson et al., 
1992), was found to be moderately sensitive to oncolytic HSV infection. However, phenotypic 
characterization of fusogenic oncolytic HSVs in this cell line showed that only infection of the 
doubly fusogenic Synco-2D could induce syncytia formation. 

[0308] The present inventors also showed that enhanced antitumor effect of Synco- 
2D on 4T1 tumor is accompanied by elevated tumor-specific CTL activities. 4T1 is non- 
immunogenic and highly malignant and metastatic in syngeneic BALB/c mice (Aslakson et al., 
1992; Pulaski and Ostrand-Rosenberg, 1998). Cells (1x10 s 4T1 cells) were orthotopically 
injected into mammary fat pat of immune competent BALB/c mice for the establishment of 
primary tumor, and the mice were left for 2 weeks for lung metastases to develop. Tumor- 
bearing mice were then divided into 3 groups (n=10) and were injected intratumorally with 2x10 
pfu of either Synco-2D, Synco-2 or Baco-1 , or PBS as a control. Tumor masses on the orthotopic 
site was measured weekly for 4 weeks. Three mice from each group were sacrificed two weeks 
after virus injection and spleens were collected for measuring tumor-specific CTL activity (with 
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4T1 as target cells) by the " Cr release assay. The rest of the mice were sacrificed at the end of 
week 4 and the lung metastatic rumor nodules were enumerated under a dissecting microscope. 
The results showed that intratumor administration of Synco-2D produced a significantly better 
therapeutic effect than the singly or non-fusogenic oncolytic HSVs not just on the primary tumor 
(FIG. 19A), but also on the distant lung metastases (FIG. 19B). By average, there are less than 5 
tumor nodules in the lungs from animals treated with Synco-2D, which is in contrast to 42, 38, 
34 and 35 tumor nodules seen in mice treated with PBS, Baco-1, Fu-10 and Synco-2, 
respectively. The enhanced antitumor effect in Synco-2D-treated mice is accompanied by the 
presence of a high level of tumor-specific cytotoxic T-lymphocyte (CTL) activity. This is in 
contrast to the mice treated with other viruses in which very little tumor-specific CTL activity 
was detected (FIG. 19). Although non-fusogenic oncolytic HSV G207 has been shown in earlier 
studies to induce tumor-specific immunity after intratumor inoculation (Walker et al., 1999; 
Todo et aL, 1999), most of the tumor cell lines used in these studies are immunogenic. For the 
non-immunogenic 4T1 , tumor destruction per se does not induce antitumor immunity. Antitumor 
immunity was induced only with concurrent delivery of both GM-CSF and IL-2 (Brockstedt et 
al., 2002). Therefore, the results indicate that the unique mechanism of tumor destruction by the 
doubly fusogenic oncolytic HSV enhanced tumor antigen presentation, leading to a better 
antitumor immunity, which may have directly contributed to the enhanced antitumor activity, 
especially on the distant metastatic tumors. 

EXAMPLE 19 
SIGNIFICANCE OF THE PRESENT INVENTION 
[0309] The present Examples demonstrate that incorporation of a potent FMG, 
such as a GALV, into an oncolytic HSV can dramatically increase its anti-tumor potency. In 
specific embodiments, this is because, unlike other viruses such as adenovirus, cell membrane 
fusion is a natural part of HSV infection process. The virus infection cycle is therefore 
unaffected by the cloning of the GALV.fus gene into its genome. This allows the syncytial 
formation and virus replication to work synergistically to destroy tumor cells when the virus 
reaches tumor sites. In addition, other synergies may also come from the combined actions of 
these two totally different anti-tumor mechanisms. First, unlike in vitro cultured tumor cells that 
are relatively homogenous, many tumors contain ceils of different lineages, in which some may 
be resistant to HSV infection due to, for example, lack of viral receptors on the cell surface. The 
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combined anti-tumor action from two completely different mechanisms (direct viral oncolysis 
and cell membrane fusion) significantly reduces the occurrence of virus-resistant tumor cells, 
because those cells that become resistant to oncolytic virus infection/replication may be 
indirectly destroyed by syncytial formation. Thus, in some embodiments, GALV.fus is preferred 
rather than the FMG from human immunodeficiency virus type 1 (HIV-1), which has recently 
been cloned into an oncolytic adenovirus, also for the purpose of enhancing oncolytic potency of 
the virus (Li et ah, 2001); FMG from HIV-1 can only induce syncytia in the presence of CD4 + 
target cells, while the GAVL.fus receptor Pit-1 is widely distributed on human cell surface and 
GALV.fus therefore can target a much wider range of tumor cells. Secondly, although oncolytic 
viruses can rapidly spread in cultured tumor cells, viral spreading within a solid tumor mass is 
often limited (Heise et aU 1999). The large size of the viral particles may contribute to the 
inefficiency of viral spreading in vivo. The cell membrane fusion mediated by GALV.fus may 
facilitate the spreading of the oncolytic HSV in the tumor mass so that a larger area of the tumor 
is affected. 

[0310] Although expression of GALV.fus in the context of an oncolytic HSV 
provides extra anti-tumor effects of that virus, un-controlled expression of the gene would 
undoubtedly pose safety concern. This is especially the case when the virus is administered 
systemically, or injected locally but significantly leaked to the blood stream. One potential way 
to overcome this problem is to put the GALV FMG gene under the control of a tumor or tissue- 
specific promoter. Although quite a few tissue and/or tumor specific promoters have been 
defined and characterized, the common problem with these promoters is that either they are not 
strictly tumor specific or they lack strong activity when compared with viral promoters. Thus, a 
strictly late viral promoter in the context of an oncolytic HSV is a strong tumor specific 
promoter. 

[0311] The program of HSV gene expression during its lytic infection can be 
readily divided into early and late phases. The early genes are transcribed prior to viral DNA 
replication while the late genes are expressed at high levels only after viral DNA replication has 
taken place. There are subdivisions within each phase. A few genes in the late phase, including 
UL38, are classified as strictly late, which are only reliably detectable after the onset of viral 
DNA replication. The initial characterization on a secreted form of alkaline phosphatase showed 
that without productive HSV replication, the UL38 promoter activity is extremely low. However, 
the UL38 promoter activity is almost equivalent to CMV IE promoter once the virus is 
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undergoing lytic infection. The expression of GALV.fus gene driven by UL38 promoter in 
Synco-2 is also strictly tailored to the full replication cycle of the virus in the tumor cells. In the 
quiescent normal embryonic fibroblasts, Synco-2 mediated cell fusion is totally ablated. This 
indicates that Synco-2 is probably no more harmful to normal cells than the first generation 
oncolytic HSV 3 whose safety record has been well established in both pre-clinical studies and 
phase I clinical trails. 

[0312] Oncolytic viruses developed from HSV have shown great utility for treating 
solid tumors and are currently in clinical trial for patients with brain tumors (Markert et ah, 
2000; Rampling et aL, 2000); they are also suitable vectors for delivering therapeutic genes for 
cancer treatment. Compared to traditional defective viral vectors, conditionally-replicating 
vectors have several advantages. First, unlike the defective vectors that are merely functioning as 
a delivering vehicle, oncolytic HSVs themselves possess a very high therapeutic index against 
the tumor. Any anti-tumor effect from the delivered therapeutic gene should be additive and lead 
to a higher total therapeutic effect Secondly, as the oncolytic viruses have the ability to spread 
in the tumor tissues, they can deliver the therapeutic genes to a larger area of tumor mass than 
defective viral vectors. Thirdly, the ability of the virus to replicate in the tumor may lead to a 
longer period of gene expression. In support of this, the Examples showed that after intratumor 
delivery of oncolytic HSV, the AP expression was maintained at a relatively high level over one 
week, which is in contrast to gene expression from defective HSV vectors that usually lasts for 
only 24 to 48 h after intratumor injection (Todryk et aL, 1999). 

[0313] Because most of the therapeutic genes used for tumor therapy are also 
potentially toxic to normal cells, uncontrolled expression of these genes, even in the context of a 
tumor-restricted oncolytic virus, still poses a safety concern. This is particularly true when 
systemic administration is required (e.g., for metastatic diseases). One way of minimizing this 
concern is to use a tumor- or tissue-specific promoter to control the gene expression. While 
several tissue-specific promoters have been described for tumor specific gene expression, they 
generally have much lower activity than viral promoters. The Examples provided herein showed 
that a strict late viral promoter is a strong and tumor specific promoter in the context of an 
oncolytic HSV. This was demonstrated by both in vitro and in vivo characterization of the 
promoter of the strict late gene UL38 of HSV. UL38p has very low basal activity that is 
maintained in non-dividing cells infected with an oncolytic HSV carrying the UL38p cassette. 
However, in cycling cells where the oncolytic virus can replicate, TJL38p showed a similar level 
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of activity as the CMV-P. The cell-cycle dependent property of UL38p was also demonstrated in 
vivo. Mratumoral injection of both Baco-APl and Baco-AP2 produced high level AP 
expression. On the other hand, only a transient and low level of AP expression was detected 
during i.v. injection of Baco~PA2, which is in contrast to the abundant AP release from i.v. 
administration of Baco-APl. The transient and low level of AP release after i.v. injection of 
Baco-AP2 was probably from certain dividing cells such as fibroblasts which might have gained 
access to the virus and were subsequently infected after systemic delivery of the virus. However, 
since the majority of the viral particles are distributed to liver after systemic delivery 
(Schellingcrhout et aU 1998; Wood et al 7 1999), the low level and transient AP expression 
implies that UL38p in the context of an oncolytic HSV has minimal activity in the normal 
hepatocytes. Both viruses were also delivered intramuscularly to target the mostly post-mitotic 
myoblasts. However, neither vims produced any appreciable AP release after this route of 
injection. This is probably because not enough myoblasts were transduced by either of the 
viruses, as it has been reported that the mature basal lamina of muscles from adult mice can 
prevent HSV from efficiently infecting the myofibers (Huard et aL, 1995; Huard et al, 1996). 

[0314] In addition to having a significantly stronger gene expression, the 
combination of a strict late viral promoter such as UL38p with an oncolytic HSV has additional 
advantages over the traditional usage of a tumor-specific promoter in a defective viral vector. 
Unlike tissue-specific promoters that can only be applied to the tumor of the defined tissue 
origin, these late viral promoters may be applicable to a variety of tumors in which the virus can 
conditionally replicate. This is particularly useful for tumors in which tumor specific promoters 
have not yet been defined. Moreover, conditional activation of the UL38 promoter upon the 
initiation of lytic HSV infection in the tumor cells may provide a synchronized action between 
the oncolysis of the virus and the therapeutic effect of the delivered gene. Such a synchronized 
action may be particularly important under certain circumstance, e.g. in combination with 
immunotherapy, where the tumor antigen release from the viral oncolysis will be paralleled by 
the release of immune stimulating molecules from the genes inserted into the virus. 

[0315] In further embodiments, the combination of random mutagenesis and 
insertion of GALV.fus gene in a conventional HSV provides more oncolytic efficiency than 
conventional HSVs for cancer cells, such as, for example, ovarian or prostate cancer cells. In 
some Examples provided herein, the oncolytic HSV is administered intraperitoneally after 14 
days of tumor inoculation, when tumors had become well established in an animal model. 
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Actually, the mice implanted with Hey tumors eventually were palpable through the abdominal 
wall, and the tumor diameters approximated 3 mm. This tumor- bearing state mimics the 
advanced ovarian cancer state. After that, two injections of Synco-2D (total dose of 4xl0 7 
pfu/400pi) in mice bearing peritoneal dissemination of Hey cells resulted in complete remission 
(75%) and survival prolongation compared with Baco-1 and PBS treated mice. A dose of 4x10 
pfu of Synco-2D led to almost 100% survival. Taking into account size differences (-3000 fold), 
this dose would be the human "equivalent" of 1.2xl0 1] pfu of virus, a dose similar to the highest 
dose of G207 administered in Phase I study for malignant gliomas (Markert et aL, 2000). These 
results suggest that treatment of endothelial ovarian cancer at an early stage or in association 
with a surgical "debulking" procedure to remove gross disease may be safe and successful 
strategies for Synco-2D gene therapy in humans. 

[0316] To minimize any potential safety problems, a strict-late viral promoter 
directs the expression of the GALV.fus gene in the virus, which provides strong tissue-selective 
expression of the gene. In fact, the UL38 promoter appeared to have several advantages over the 
conventional tissue-specific promoter, such as HER-2/neu, that is over-expressed in 
approximately 10% of ovarian cancers and may correlate with a poor prognosis. For example, 
this promoter is probably substantially stronger than most tissue-specific promoters. In addition, 
activation of the UL38 promoter upon initiation of lytic HSV infection in the tumor cells 
provides a synchronized action between these two antitumor mechanisms, in specific 
embodiments. 

[0317] Furthermore, a major obstacle to the successful administration of oncolytic 
viruses is the presence of antiviral immunity. The pre-existing anti-viral immunity can block the 
initial viral entry as well as its subsequent spread within tumors. Therefore, most cancer patients 
will have anti-herpes antibodies that might compromise the therapeutic efficacy of the virus. 
However, neutralizing antibodies would be a more serious concern for systemic therapy than they 
will be for intraperitoneal therapy of cancer, such as ovarian cancer. Previous studies have shown 
that the presence of antibodies to replication-competent viruses does not negate the efficacy of 
therapy or prevent virus replication in the tumor sites (Lambright et aL, 2000; Nemunaitis et aL, 
2000; Chahlavi et aL, 1999). Indeed, it has been shown that, despite high levels of circulating 
antibodies in the serum of mice that received multiple injections of adenovirus, the titer of 
neutralizing antibodies in the peritoneal cavity was undetectable (Al-Hendy et aL, 2000). Also, if 
neutralizing antibodies are present in ascites, the fluid can be easily aspirated from the peritoneal 
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cavity before therapy. Moreover, it has been recently demonstrated that delivering oncolytic 
viruses through liposome formation of either BAC-based oncolytic HSV DNA or viral capsids 
can evade a host's antiviral immune responses (Fu and Zhang, 2000). Thus, intraperitoneal 
therapy is an attractive route for delivery of the virus to maximize virus/tumor cell interaction 
and infection. 

[0318] It was recently demonstrated that syncytial mutant (Fu-10) selected from 
the well-characterized oncolytic HSV G207 through random mutagenesis has a dramatically 
enhanced antitumor effect on lung metastasis of breast cancer over the conventional non- 
fusogenic virus (Fu and Zhang, 2002). Fuso genie oncolytic HSVs constructed from insertion of a 
hyperfusogenic glycoprotein into a conventional oncolytic HSV can also significantly increase 
the antitumor effect of that virus. Most recently, a newer version of fusogenic oncolytic HSV 
was constructed, in which both fusion mechanisms were incorporated into a single virus (Synco- 
2D). Evaluation of this virus through intraperitoneal administration on disseminated ovarian 
cancer led to 75% of mice tumor free. 

[0319] In the data demonstrated herein, the singly and doubly fusogenic HSVs 
were directly compared for their ability to destroy a human prostate cancer cell line in vitro and 
the tumors established from this cell line in vivo. In vitro results show that Synco-2D has a 
significantly higher killing ability than Synco-2 on PC-3M-Pro4, indicating that the additional 
cell-membrane fusion mechanism contained in the doubly fusogenic virus has increased the 
tumor-4estroying power of the virus. This notion was supported by the in vivo data that show 
that administration of Synco-2D produced the most dramatic therapeutic effect on lung 
metastasis of prostate cancer, a result that is significantly better than that from Synco-2 
administration. However, the therapeutic effect on the orthotopic tumor from Synco-2D is only 
marginally better than that of Synco-2 after systemic administered of the viruses. The likely 
reasons for this differential effect on the tumor in primary site and the metastatic tumor are 
probably due to the discrepancy between the tumor size and amount of virus distribution after 
systemic delivery. By the time the viruses were administered, the orthotopic tumor volume was 
already bulky and was probably substantially bigger than the lung metastatic nodules. In 
addition, systemic administration of oncolytic HSVs can only distribute a limited amount of 
viruses to the tumor mass. Therefore, with only a limited amount of viruses distributed to a bulky 
tumor, even a more effective virus may not produce a noticeably better therapeutic effect than 
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Syiico-2. Thus, in embodiments wherein bulky solid tumors are treated, it is preferable to 
surgically remove at least part of the bulky tumors. 

[0320] In contrary to the orthotopic tumors, by the time of oncolytic HSV 
administration, the lung metastatic tumor nodules were probably still quite small, as judging by 
the relatively small tumor size in the lung even by the endpoint of the experiment. In addition, 
due to rich blood supply and the filtering capability, the tumor masses in the lung may have a 
better virus distribution than the orthotopic tumor after systemic administration of the viruses. In 
this consideration, it is interesting to note that earlier studies by the present inventors 
demonstrated that administration of Fu-10 also produced a dramatically therapeutic effect on 
lung metastases of breast cancer (Fu and Zhang, 2002). Confirmation of virus distribution 
preference to lung may provide future guidance for treating either primary or metastatic tumors 
in this organ with these oncolytic agents. 

[0321] Syncytia formation mediated by fusogenic glycoproteins relies on the initial 
binding of fusogenic glycoproteins with their specific receptors on target cells, which induces 
ordered structural changes of the membrane lipid bilayers, leading in turn to lipid mixing and 
eventual membrane fusion either between viral and cellular membranes or among cellular 
membranes (Lentz et al., 2000). The cellular receptor for GALV.fus has been identified as PiTl, 
a type HI sodium-dependent phosphate transporter (Johann et al., 1993; Kavanaugh et al., 1994). 
However, the membrane fusion induced by HSV is more complex, requiring the participation of 
multiple viral glycoproteins and at least two specific cellular receptors on the cell surface. For 
HSV, several viral proteins and probably more than one cellular receptor are required for 
inducing cell - cell fusion include gB, gD, gH, and gL (Spear, 1993; Turner et al., 1998), and 
probably more than one Cellular receptor (Terry- Allison et al., 2001; 1998). Therefore, it is 
possible that, in addition to be quantitatively advantageous over the singly fusogenic oncolytic 
HSV, therapeutic administration of Synco-2D may reduce the emergence of therapy-resistant 
tumor cells. As tumor cells resistant to syncytia- formation mediated by one membrane-fusion 
mechanism due to receptor down-regulation or mutation will still be destroyed by syncytia 
formation resulting from another mechanism. The recent finding that Synco-2D infection but not 
Fu-10 or Synco-2 can cause syncytial formation on several murian and one human tumor cell 
lines supports this possibility. 
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[0322] Several previous publications demonstrated that oncolytic HSVs could 
inhibit prostate tumor growth both in vitro and in vivo ((Walker et al., 1999; Taneja et al., 2001; 
Cozzi ct al, 2002; Jorgensen et al., 2001)). However, most of these studies were conducted on 
subcutaneously established prostate cancer xenografts with intratumor injection of the viruses. It 
is critically important for new therapy strategies such as virotherapy for cancer to be effective 
against multifocal, diffuse disease, as is the present invention. The demonstration herein of 
significant therapeutic effect on lung metastases of prostate cancer after intravenous 
administration of Synco-2D at a moderate dose indicates that this doubly fusogenic oncolytic 
HSV is an effective therapeutic agent for destroying established human prostate tumor 
metastases. 

[0323] Although the current protocol may be applicable to the treatment of clinical 
prostate cancer skeletal metastasis, some precautions need to be observed. Although oncolytic 
HSV is refrained to replicate only in tumor cells, the syncytial formation from these fusogenic 
oncolytic HSVs is potentially toxic to normal cells, and if uncontrolled, will pose a safety 
concern. This is particularly true when systemic administration is required such as this 
experimental design. During the construction of Synco-2D, several strategies were employed to 
restrict the syncytial formation to tumor tissues. First, a strict-late viral promoter was used to 
direct GALV.fus gene expression. The activity of this strict-late promoter, UL38p, has been 
shown to remain confined to the tumor tissue after systemic administration with an oncolytic 
HSV (Fu et al, 2002). Thus, GALV.fus-mediated syncytial formation was linked to the virus to 
replicate conditionally in tumor cells. Second, the syncytial formation from mutagenized HSV is 
mainly due to aberrant expression of several viral glycoproteins, such as gB and gK (Read et al., 
1980; Bond et al., 1982; Pogue-GEile et al., 1984; Person et al., 1982). As these glycoproteins 
are encoded by late genes whose expression depends upon viral DNA replication, the cell 
membrane fusion mediated by this mechanism would only occur in tumor cells (where virus can 
undergo a full infection cycle) but not in normal nondividing cells (where virus replication is 
restricted and very low levels of glycoproteins are expressed). The demonstrations in previous 
studies that blocking viral DNA replication completely abolishes syncytia-forming ability of Fu- 
10 (the selected syncytial mutant from G207) (Fu and Zhang, 2002) and that Synco-2 (containing 
GALV.fus driven by UL38p) cannot induce syncytial formation in nondividing cells (Fu et al., 
2002) strongly suggest that Synco-2D retains the safety profile of a conventional oncolytic HSV. 
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More comprehensive toxicity studies on these fusogenic oncolytic HSVs in sensitive animals 
wiil further strength its potential at clinical application. 

[0324] In summary, it is shown herein that an enhanced fusogenic HSV (1) 
facilitates cell-to-cell spread of virus particles; (2) supports the dispersion in a peritoneal cavity; 
and (3) is compatible with a replication-competent HSV system for the treatment of advanced 
cancer, such as ovarian cancer or prostate cancer. 
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[0326] Although the present invention and its advantages have been described in 
detail, it should be understood that various changes, substitutions and alterations can be made 
herein without departing from the spirit and scope of the invention as defined by the appended 
claims. Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed that 
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perform substantially the same function or achieve substantially the same result as the 
corresponding embodiments described herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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<3> The claims defining the invention are as follows: 

O 

<N 

W) I A method of generating fusion between a first cell and a second cell, comprising the step 
of fusing the second cell membrane with the first cell membrane by introducing to the 
first cell a fusogenic, oncolytic herpes simplex virus vector where the virus vector is 
5 recombinantly altered to include an expression cassette encoding a fusogenic membrane 

O glycoprotein operably linked to a strict late viral promoter. 

O 

OO 

iO 2 The method of claim 1, wherein the first cell, second cell, or both first and second cells 
<N 

are malignant cells. 

O 

3 The method of claim 2, wherein the malignant cells are in a solid tumor. 

10 4 The method of claim 2, wherein the malignant cells are in a human. 

5 The method of claim 4, wherein the introducing step is further defined as delivering the 
vector to the human. 



6 The method according to any one of claims 1 to 5, wherein the vector is a conditionally 
replicating Herpes Simplex Virus vector. 

15 7 The method according to any one of claims 1 to 6, wherein the virus vector has the ability 
to display fusogenic properties when infecting a cell culture prior to its being 
recombinantly altered to express a fusogenic membrane glycoprotein. 

8 The method according to any one of claims 1 to 7, wherein the strict late viral promoter is 
the promoter of UL38 or Usl 1 of HSV. 

20 9 A method of destroying a malignant cell, comprising the step of introducing to the cell a 
fusogenic, oncolytic herpes simplex virus vector where the virus vector is recombinantly 
altered to include an expression cassette encoding a fusogenic membrane glycoprotein 
operably linked to a strict late viral promoter. 



10 The method of claim 9, wherein the malignant cell is in a human. 
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O 11 The method of claim 9 or 10, wherein the introduction step is further defined as 
O 

CO administering at least about 1x10 plaque forming units (pfii) of the vector to the human. 

<^ 12 The method according to any one of claims 9 to 11, wherein the method further 
O 



comprises administering an additional cancer therapy to the human. 



O 5 13 The method according to any one of claims 9 to 12, wherein the virus vector has the 

O ability to display fiisogenic properties when infecting a cell culture prior to its being 

OO 

*0 recombinantly altered to express a fiisogenic membrane glycoprotein. 

<N 

m 
o 

O 14 A method of increasing tumor antigen presentation in an individual, said individual 



comprising a malignant cell, comprising the step of providing to the individual fiisogenic, 
10 oncolytic herpes simplex virus vector where the virus vector is recombinantly altered to 

include an expression cassette encoding a fiisogenic membrane glycoprotein operably 
linked to a strict late viral promoter. 

15 The method of claim 14, wherein said increased tumor antigen presentation provides an 
improved antitumor immunity in the individual compared to in the absence of said 

1 5 increased tumor antigen presentation. 

16 The method of claim 5, wherein the delivering comprises intratumoral injection. 

17 The method of claim 14 or 15, wherein the virus vector has the ability to display 
fosogenic properties when infecting a cell culture prior to its being recombinantly altered 
to express a fiisogenic membrane glycoprotein. 

20 18 The method of claim 17, wherein the membrane glycoprotein is paramyxovirus F protein, 
HIV gp!60 protein, SIV gpl60 protein, retroviral Env protein, Ebola virus Gp, Herpes 
Simplex Virus glycoprotein, or the influenza virus haemagglutinin. 

19 A fiisogenic, oncolytic herpes simplex virus vector, said virus vector defined as displaying 
fiisogenic properties when infecting a cell culture, the virus vector recombinantly altered by 
25 the introduction of an expression cassette encoding a fiisogenic membrane glycoprotein 

operably linked to a strict late viral promoter. 
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20 A method according to claim 1 , substantially as hereinbefore described with reference to the 
examples. 

21 A method according to claim 9, substantially as hereinbefore described with reference to the 
examples. 

22 A method according to claim 14, substantially as hereinbefore described with reference to 
the examples. 

23 A fusogenic, oncolytic herpes simplex virus vector according to claim 19, substantially as 
hereinbefore described with reference to the examples. 
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SEQUENCE LISTING 

<110> ZHANG, XIAOLIU 
FU, XUPING 

<120> POTENT ONCOLYTIC HERPES SIMPLEX VIRUS FOR CANCER 
THERAPY 

<130> P02410WO 

<140> UNKNOWN 
<141> 2003-03-26 

<150> 60/367,788 
<151> 2002-03-27 

<150> 60/410,024 
<151> 2002-09-11 

<160> 14 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic 



<220> 

Primer 

<400> 1 t 20 

gtgggttgcg gactttctgc 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Primer 

<400> 2 2Q 
acactcacgc aaggcggaac 



<210> 3 
<211> 139 
<212> DNA 

<213> Herpes Simplex Virus 

<400> 3 cn 
gtgggttgcg gactttctgc ggggcggccc aaatggccct ttaaacgtgt gtatacggac 60 
gcgccgggcc agtcggccaa cacaacccac cggagcggta gccgcgtttg gctgtggggt 120 
gggtggttcc gccttgcgt 
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<210> 4 
<211> 306 
<212> DNA 

<213> Herpes Simplex Virus 



<400> 4 

cttttaagta aacatctggg tcgcccggcc 
tctcgagagc cacggggggg aaccaccctc 
gggactcaac gggttaccgg attacgggga 
tgtgccacac ccaaggatgc gttgggggcg 
aggggacgct ccgggtcgtg cacggcggtt 
ttattg 



caactggggc cgggggttgg gtctggctca 60 
cgcccagaga ctcgggtgat ggtcgtaccc 120 
ctgtcggtca cggtcccgcc ggttcttcga 180 
atttcgggca gcagcccggg agagcgcagc 24 0 
ctggccgcct cccggtcctc acgccccctt 300 

306 



<210> 5 
<211> 2224 
<212> DNA 

<213> Gibbon leukemia virus 



ttaagcctgg taccgtaaca atccctcacc cgttccaggt cggggatcaa gtgcttgtca 60 
gacgccatcg acccagcagc cttgagcctc ggtggaaagg cccatacctg gtgttgctga 120 
ctaccccgac cgcggtaaaa gtcgatggta ttgctgcctg ggtccatgct tctcacctca 180 
aaccfcgcacc accttcggca ccagatgagt cctgggagct ggaaaagact gatcatcctc 240 
ttaagctgcg tattcggcgg cggcgggacg agtctgcaaa ataagaaccc ccaccagccc 3 00 
atgaccctca cttggcaggt actgtcccaa actggagacg ttgtctggga tacaaaggca 360 
gtccagcccc cttggacttg gtggcccaca cttaaacctg atgtatgtgc cttggcggct 420 
agtcttgagt cctgggatat cccgggaacc gatgtctcgt cctctaaacg agtcagacct 480 
ccggactcag actatactgc cgcttataag caaatcacct ggggagccat agggtgcagc 540 
taccctcggg ctaggactag aatggcaagc tctaccttct acgtatgtcc ccgggatggc 600 
cggacccttt cagaagctag aaggtgcggg gggctagaat ccctatactg taaagaatgg 660 
gattgtgaga ccacggggac cggttattgg ctatctaaat cctcaaaaga cctcataact 720 
qtaaaatggg accaaaatag cgaatggact caaaaatttc aacagtgtca ccagaccggc 780 
tggtgtaacc cccttaaaat agatttcaca gacaaaggaa aattatccaa ggactggata 84 0 
acgggaaaaa cctggggatt aagattctat gtgtctggac atccaggcgt acagttcacc 900 
attcgcttaa aaatcaccaa catgccagct gtggcagtag gtcctgacct cgtccttgtg 960 
gaacaaggac ctcctagaac gtccctcgct ctcccacctc ctcttccccc aagggaagcg 1020 
ccaccgccat ctctccccga ctctaactcc acagccctgg cgactagtgc acaaactccc 1080 
acggtgagaa aaacaattgt taccctaaac actccgcctc ccaccacagg cgacagactt 1140 
tttgatcttg tgcaggggac cttcctaacc ttaaatgcta ccaacccagg ggccactgag 1200 
tcttgctggc tttgtttggc catgggcccc ccttattatg aagcaatagc ctcatcagga 1260 
gaggtcgcct actccaccga ccttgaccgg tgccgctggg ggacccaagg aaagctcacc 1320 
ctcactgagg tctcaggaca cgggttgtgc ataggaaagg tgccctttac ccatcagcat 138 0 
ctctgcaatc agaccctatc catcaattcc tccggagacc atcagtatct gctcccctcc 1440 
aaccatagct ggtgggcttg cagcactggc ctcacccctt gcctctccac ctcagttttt 1500 
aatcagacta gagatttctg tatccaggtc cagctgattc ctcgcatcta ttactatcct 1560 
gaagaagttt tgttacaggc ctatgacaat tctcacccca ggactaaaag agaggctgtc 1620 
tcacttaccc tagctgtttt actggggttg ggaatcacgg cgggaatagg tactggttca 1680 
actgccttaa ttaaaggacc tatagacctc cagcaaggcc tgacaagcct ccagatcgcc 1740 
atagatgctg acctccgggc cctccaagac tcagtcagca agttagagga ctcactgact 1800 
tccctgtccg aggtagtgct ccaaaatagg agaggccttg acttgctgtt tctaaaagaa 1860 
ggtggcctct gtgcggccct aaaggaagag tgctgttttt acatagacca ctcaggtgca 1920 
qtacgggact ccatgaaaaa actcaaagaa aaactggata aaagacagtt agagcgccag 1980 
aaaagccaaa actggtatga aggatggttc aataactccc cttggttcac taccctgcta 2040 
tcaaccatcg ctgggcccct attactcctc cttctgttgc tcatcctcgg gccatgcatc 2100 
atcaataagt tagttcaatt catcaatgat aggataagtg catgttaagg cgcctagtgt 2160 
tgacaattaa tcatcggcat agtatacggc atagtataat acgactcact ataggagggc 2220 
cacc 
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<210> 6 
<211> 1303 
<212> DNA 

<:213> Homo sapiens 
<400> 6 

gtccaggagc aggtagctgc tgggctccgg 
tttccacgac ggtgacacgc ttccctggat 
catggaggag ccgcagtcag atcctagcgt 
agacctatgg aaactacttc ctgaaaacaa 
ggatgatttg atgctgtccc cggacgatat 
agatgaagct cccagaatgc cagaggctgc 
tacaccggcg gcccctgcac cagccccctc 
gaaaacctac cagggcagct acggtttccg 
gtctgtgact tgcacgtact cccctgccct 
ctgccctgtg cagctgtggg ttgattccac 
ggccatctac aagcagtcac agcacatgac 
gcgctgctca gatagcgatg gtctggcccc 
tttgcgtgtg gagtatttgg atgacagaaa 
tgagccgcct gaggttggct ctgactgtac 
ttcctgcatg ggcggcatga accggaggcc 
cagtggtaat ctactgggac ggaacagctt 
agaccggcgc acagaggaag agaatctccg 
cccagggagc actaagcgag cactgcccaa 
gaaaccactg gatggagaat atttcaccct 
gttccgagag ctgaatgagg ccttggaact 
ggggagcagg gctcactcca gccacctgaa 
taaaaaactc atgttcaaga cagaagggcc 



ggacactttg cgttcgggct gggagcgtgc 60 
tggcagccag actgccttcc gggtcactgc 120 
cgagccccct ctgagtcagg aaacattttc 180 
cgttctgtcc cccttgccgt cccaagcaat 240 
tgaacaatgg ttcactgaag acccaggtcc 300 
tccccccgtg gcccctgcac cagcgactcc 360 
ctggcccctg tcatcttctg tcccttccca 420 
tctgggcttc ttgcattctg ggacagccaa 480 
caacaagatg ttttgccaac tggccaagac 540 
acccccgccc ggcacccgcg tccgcgccat 600 
ggaggttgtg aggcgctgcc cccaccatga 660 
tcctcagcat cttatccgag tggaaggaaa 720 
cacttttcga catagtgtgg tggtgcccta 780 
caccatccac tacaactaca tgtgtaacag 840 
catcctcacc atcatcacac tggaagactc 900 
tgaggtgcgt gtttgtgcct gtcctgggag 960 
caagaaaggg gagcctcacc acgagctgcc 1020 
caacaccagc tcctctcccc agccaaagaa 1080 
tcagatccgt gggcgtgagc gcttcgagat 1140 
caaggatgcc caggctggga aggagccagg 1200 
gtccaaaaag ggtcagtcta cctcccgcca 1260 
tgactcagac tga 1303 



<210> 7 
<211> 2890 
<212> DNA 

<213> Murine leukemia virus 
<400> 7 

acttgtggtc tcgctgttcc ttgggagggt 
gggtctttca tttgggggct cgtccgggat 
caccaccggg agctcactta caggcccttc 
tggctgcggc ctatcaggac cagcaagacc 
gcgacaccgt gtgggtacgc cggcaccaga 
cctataccgt cctgctgacc acccccaccg 
tccacgccgc tcacgtaaag gcggcgacaa 
catggaaggt ccagcgttct caaaacccct 
gatagtcctg gggatcttaa taagggcagg 
ggtcttcaat gttacttgga gagttaccaa 
ctccctcctg gggacaatga cagatgcctt 
aataggggac gattgggatg agactggact 
ggcaagaaca tttgacttct atgtttgccc 
gccgagagag ggctactgtg gcaaatgggg 
gccatcatca tcatgggacc taatttccct 
cccctgttat gattcctcag tggtctccag 
atgcaatccc ctagtcctag aattcactga 
caaagtatgg ggactaagac tgtaccaatc 
tttgacccgc caggtcctca atatagggcc 
cactggccaa ctacccccct cccgacccgt 
tcctcctaca ggcgcagcct ctatggtccc 



ctcctctgag tgattgacta ccgtcagcgg 60 
cgggagaccc ctgcccaggg accaccgacc 120 
aagcagtaca acgagaggtc tggaagccac 180 
agccagtgat accacacccc ttccgtgtcg 24 0 
ctaagaactt ggaacctcgt tggaaaggac 300 
ctctcaaagt agacggcatc gctgcgtgga 360 
cccctccggc cggaacagca tcaggaccga 420 
taaagataag attaacccgt ggggccccct 4 80 
agtatcagta caacatgaca gccctcacca 540 
cttaatgaca ggacaaacag ctaacgctac 600 
tcctatgctg tacttcgact tgtgcgattt 660 
tgggtgtcgc actcccgggg gaagaaaacg 72 0 
cgggcatact gtaccaacag ggtgtggagg 780 
ctgtgagacc actggacagg catactggaa 840 
taagcgagga aacacccctc ggaatcaggg 900 
tggcatccag ggtgccacac cggggggtcg 960 
cgcgggtaaa aaggccagct gggatggccc 1020 
cacagggatc gacccggtga cccggttctc 1080 
ccgcatcccc attgggccta atcccgtgat 1140 
gcagatcagg ctccccaggc ctcctcagac 1200 
tgggactgcc ccaccgtctc aacaacctgg 12 60 
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gacgggagac aggctgctaa acctggtaga 
tcctgacaaa acccaagagt gctggttgtg 
ggttgccgtc ctaggtactt actccaacca 
ctcccaacac aagctgaccc tgtccgaagt 
tcccaaaacc catcaggccc tgtgtaatac 
tctggctgct cccgccggga ccatttgggc 
tactactgta ctcaatctaa ccacagatta 
aatttaccac tcccccgatt atatgtatgg 
agagccagta tcattgaccc tggcccttct 
agctggaata gggacgggga ccactgcctt 
tgccgctatc cagacagacc tcaacgaagt 
actgacctcg ttgtctgaag tagtcctaca 
aaaggaggga ggtctctgcg cagccctaaa 
ggggctagtg agagacagca tggccaaatt 
atttgagaca ggccaaggat ggttcgaagg 
cttaatctcc accatcatgg gacctctaat 
ttgcattctc aatcgattag tccaatttgt 
agttttgact caacaatatc accagctgaa 
aaagatttta tttagtctcc agaaaaaggg 
caagctagct taacgccatt ttgcaaggca 
ttcagatcaa ggtcaggaac agatggaaca 
gtaagcagtt cctgccccgg ctcagggcca 
aacaggatat ctgtggtaag cagttcctgc 
cagatgcggt ccagccctca gcagtttcta 
aaggacctga aatgaccctg tgccttattt 
tgttcgcgcg cttctgctcc ccgagctcaa 
gccagtcctc cgattgactg agtcgcccgg 
gttgcatccg 



4 

tggagcatac caagcactca acctcaccag 1320 
tctggtatcg ggacccccct actacgaagg 13 80 
tacctctgcc ccagctaact gctccgcggc 1440 
aaccggacag ggactctgcg taggagcagt 1500 
cacccaaaag acgagcgacg ggtcctacta 1560 
ttgcaacacc gggctcactc cctgcctatc 1620 
ttgtgtatta gttgaactct ggcccagagt 1680 
tcagcttgaa cagcgtacca aatataaaag 1740 
actaggagga ttaaccatgg gagggattgc 1800 
aattaaaacc cagcagtttg agcagcttca 1860 
cgaaaagtca attaccaacc tagaaaagtc 1920 
gaaccgcaga ggcctagatt tgctattcct 1980 
agaagaatgt tgtttttatg cagaccacac 2040 
aagagaaagg cttaatcaga gacaaaaact 2100 
gctgtttaat agatccccct ggtttaccac 2160 
agtactctta ctgatcttac tctttggacc 2220 
taaagacagg atatcagtgg tccaggctct 22 80 
gcctatagag tacgagccat agataaaata 2340 
gggaatgaaa gaccccacct gtaggtttgg 24 00 
tggaaaaata cataactgag aatagagaag 2460 
gctgaatatg ggccaaacag gatatctgtg 2520 
agaacagatg gaacagctga atatgggcca 2580 
cccggctcag ggccaagaac agatggtccc 2640 
gagaaccatc agatgtttcc agggtgcccc 2700 
gaactaacca atcagttcgc ttctcgcttc 2760 
taaaagagcc cacaacccct cactcggggc 2 820 
gtacccgtgt atccaataaa ccctcttgca 2880 

28 90 



<210> 8 
<211> 2384 
<212> DNA 

<213> Measles virus 
<4O0> 8 

tcgagggcca aggaacatac acacccaaca 
ccccaacccc cgacaaccag agggagcccc 
caggcaggga caccaacccc cgaacagacc 
gggggccccc ccaaaaaaaa ggcccccagg 
cccaccccac acacgaccac ggcaaccaaa 
tccagacctc ggtcatcacc ccgcagaaag 
tccggcgggg agccacccaa cccgaaccag 
aaccgcaaag gacatcagta tcccacagcc 
cgaagggacc aaaagatcaa tccaccacca 
taaaggagac accgggaatc ccagaatcaa 
ggtgaacgtc tctgccatat tcatggcagt 
aatccattgg ggcaatctct ctaagatagg 
agttatgact cgttccagcc atcaatcatt 
cctcaataac tgcacgaggg tagagattgc 
ggaaccaatt agagatgcac ttaatgcaat 
agcttcaagt aggagacaca agagatttgc 
cgttgccaca gctgctcaga taacagccgg 
tcaagccatc gacaatctga gagcgagcct 
cagacaagca gggcaggaga tgatattggc 
tgagctgata ccgtctatga accaactatc 
caaattgctc agatactata cagaaatcct 
catatctgcg gagatatcta tccaggcttt 
ggtgttagaa aagctcggat acagtggagg 



gaacccagac cccggcccac ggcgccgcgc 60 
caaccaatcc gccggctccc ccggtgccca 120 
cagcacccaa ccatcgacaa tccaagacgg 180 
ggccgacagc cagcaccgcg aggaagccca 240 
ccagaaccca gaccaccctg ggtcaccagc 3 00 
gaaaggcaca acccgcgacc ccagccccga 3 60 
cacccaagag cgatccccga aggacccccg 4 20 
tctccaagtc ccccggtctc ctcctcttct 4 80 
cacacccgac gacactcaac tccccacccc 540 
gactcatcca atgtccatca tgggtctcaa 600 
actgttaact ctccaaacac ccaccggtca 660 
ggtggtagga ataggaagtg caagctacaa 720 
agtcataaaa ttaatgccca atataactct 780 
agaatacagg agactactga gaacagtttt 840 
gacccagaat ataagaccgg ttcagagtgt 900 
gggagtagtc ctggcaggtg cggccctagg 960 
cattgcactt caccagtcca tgctgaactc 1020 
ggaaactact aatcaggcaa ttgaggcaat 1080 
tgttcagggt gtccaagact acatcaataa 1140 
ttgtgattta atcggccaga agctcgggct 1200 
gtcattattt ggccccagct tacgggaccc 1260 
gagctatgcg cttggaggag acatcaataa 1320 
tgatttactg ggcatcttag agagcagagg 13 80 
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aataaaggcc cggataactc acgtcgacac 
ctatccgacg ctgtccgaga ttaagggggt 
caacataggc tctcaagagt ggtataccac 
ccttatctcg aattttgatg agtcatcgtg 
ccaaaatgcc ttgtacccga tgagtcctct 
gtcctgtgct cgtacactcg tatccgggtc 
gaacctaata gccaattgtg catcaatcct 
taatcaagac cctgacaaga tcctaacata 
ggtgaacggc gtgaccatcc aagtcgggag 
cagaattgac ctcggtcctc ccatatcatt 
gaatgcaatt gctaagttgg aggatgccaa 
gaggagtatg aaaggtttat cgagcactag 
tggagggttg atagggatcc ccgctttaat 
gggagaacaa gttggtatgt caagaccagg 
atcctatgta aggtcgctct gatcctctac 
ctcctcttcg tcatcaagca accaccgcac 
ttatctccgg cttccctctg gccgaacaat 



5 

agagtcctac ttcattgtcc tcagtatagc 1440 
gattgtccac cggctagagg gggtctcgta 1500 
tgtgcccaag tatgttgcaa cccaagggta 1560 
tactttcatg ccagagggga ctgtgtgcag 1620 
gctccaagaa tgcctccggg ggtccaccaa 1680 
ttttgggaac cggttcattt tatcacaagg 1740 
ttgcaagtgt tacacaacag gaacgatcat 1800 
cattgctgcc gatcactgcc cggtagtcga 1860 
caggaggtat ccagacgctc tgtacttgca 1920 
ggagaggttg gacgtaggga caaatctggg 1980 
ggaattgttg gagtcatcgg accagatatt 2040 
catagtctac atcctgattg cagtgtgtct 2100 
atgttgctgc agggggcgtt gtaacaaaaa 2160 
cctaaagcct gatcttacgg gaacatcaaa 2220 
aactcttgaa acacaaatgt tcccacaagt 2280 
ccagcatcaa gcccacctga accagctaaa 2340 
atcggtagtt aatt 23 84 



<210> 9 
<211> 2535 
<212> DNA 

<213> Human inununodef iciency virus 



<400> 9 

atgagagtga tggggataca gaggaattgg 
ttttggatga taataatttg tagggtggtg 
tatggggtac ctgtgtggaa agaagcaaaa 
gcatatgata aagaagtaca taatgtctgg 
aacccacgag aaatagtttt ggaaaatgta 
atggtggatc agatgcatga ggatataatc 
gtaaagttga ccccactctg tgtcacttta 
agcatgcatg gagaaatgaa aaattgctct 
aaacagaaag cgtatgcact tttttataaa 
gagaataatg ggacaggaga g'tatatatta 
gcctgtccaa aggtcacttt tgacccaatt 
gcgattctaa agtgtaataa taagacattc 
acagtacaat gtacacatgg aattatgcca 
agcctagcag aagaagagat aataattaga 
ataatagtcc accttaataa atctgtagaa 
agaaaaagta taaggatagg accaggacaa 
aacataagag aagcacattg taacattagt 
gtaaagaaaa aattaaaaga acactacaat 
ggggatctag aagttacasc acatagcttt 
acaacaaaac tgttttcaaa caacagtgat 
aagataaaac aaattataaa catgtggcag 
attgaaggaa acataacatg taaatcaaat 
ggaaagaata caacaaatga gatattcaga 
agaagtgaat tatataaata taaagtggta 
aaatcaaaaa ggagagtggt ggagagagaa 
cttgggttct tgggagcagc aggaagcact 
caggccagac aactgttgtc tggtatagtg 
gaggcgcaac agcatatgtt gcaactcacg 
gtcttggcta tagagagata cctaaaggat 
ggaaaaatca tctgcaccac tgctgtgcct 
gaagatattt gggataacat gacctggatg 
ggcacaatat ataggttact tgaagactcg 
ttattagcat tggacagttg gaaaaacttg 
tggtatataa aaatattcat catgatagta 



ccacaatggt ggatafcgggg caccttaggc 60 
gggaacttga acttgtgggt cacagtctat 120 
actactctat tctgtgcatc agatgctaaa 180 
gctacacatg cctgtgtacc cacagacccc 240 
acagaaaatt ttaacatgtg gaaaaatgac 30 0 
agtttatggg atcaaagcct aaaaccatgt 36 0 
aattgtacaa atgcacctgc ctacaataat 42 0 
ttcaatacaa ccacagagat aagagatagg 480 
cctgatgtag tgccacttaa taggagagaa 540 
ataaattgca attcctcaac cataacacaa 600 
cctatacatt attgtgctcc agctggttat 660 
aatgggacag gaccatgcaa taatgtcagc 720 
gtggtatcaa ctcaattact gttaaatggt 780 
tctgaaaatc tgacaaacaa tatcaaaaca 84 0 
attgtgtgta caagacccaa caataataca 900 
acattctatg caacaggtga aataatagga 960 
aaaagtaact ggaccagtac tttagaacag 1020 
aagacaatag aatttaaccc accctcagga 1080 
aattgtagag gagaattttt ctattgcaat 1140 
tcaaacaacg aaaccatcac actcccatgc 1200 
aaggtaggac gagcaatgta tgcccctccc 1260 
atcacaggac tactattgac acgtgatgga 1320 
ccgggaggag gaaatatgaa ggacaattgg 1380 
gaaattgagc cattgggagt agcacccact 1440 
aaaagagcag tgggactagg agctgtactc 1500 
atgggcgcgg cgtcaataac gctgacggta 1560 
caacagcaaa gcaatttgct gagagctata 1620 
gtctggggca ttaagcagct ccagacaaga 1680 
caacagctcc tagggctttg gggctgctct 1740 
tggaactcca gttggagtaa taaatctcaa 1800 
cagtgggata gagaaattag taattacaca 1860 
caaaaccagc aggagaaaaa tgaaaaagat 1920 
tggaattggt ttaacataac aaattggctg 1980 
ggaggcttga taggtttgag aataattttt 2040 
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ggtgtactcg ctatagtgaa aagagttagg 
cttaccccaa gcccgagggg tcccgacagg 
caagacaaag acagatccat tcgattagtg 
ctgcggagcc tgtgcctctt cagctaccac 
agagcagcgg aacttctggg acgcagcagt 
cttaagtatc tgggaaatct tgtgcagtat 
aaactgtttg ataccatagc aatagcagta 
atacagagaa tttgtagagc tatccgccac 
gcagctttgc aataa 



6 

cagggatact cacctttgtc gtttcagacc 2100 
ctcggaagaa tcgaagaaga aggtggagag 2160 
agcggattct tagcacttgc ctgggacgat 2220 
cacttgagag acttcatatt gattgcagcg 2280 
ctcaggggac tgcagagagg gtgggaagcc 2340 
gggg9 tct 99 agctaaaaag aagtgctatt 2400 
gctgaaggaa cagataggat tcttgaagta 2460 
atacctataa gaataagaca gggctttgaa 2520 

2535 



<210> 10 
<211> 2577 
<212> DNA 

<213> Simian immunodeficiency virus 



<220> 

<221> modif ied_base 
<222> (295) . . (2532) 
<223> N = a, c, g or t/u 



<400> 10 

atgaggaagc cgatacatat tatttggggt 
gggacgaatg aagactatgt aacagtattc 
cctactctat tttgtgccac aaatgcctcc 
gcaactacca gttgtgtgcc aatagatcca 
gtctggttta atgcttataa aaattatatg 
ttattccaac aaagccataa gccatgtgta 
tgtacaggat acaatggaac acctacaaca 
aagacaacaa caccaatagt agatggcatg 
acaggattta aagataagaa acaaaaaatg 
aagtgtcagg acaacaatga gactaactgc 
atcacacaat cctgtgaaaa gtctactttt 
gcaggatatg ctatattgag atgtgaagat 
aatgtctcag tagtacattg cactcatgga 
ttaaatggaa cttaccaaac aaacacttca 
gtgcttgtaa gatttggaaa agaattcgaa 
aataggacag taagaaatct acaaatagga 
gcaacaggag acactaggaa agcgttctgt 
cgtaacaaaa cagagcacgt tcttgcggag 
gcgaaaacaa tatggacatt ccaagatgga 
tgccaaggag aattctttta ttgtgatata 
aacctcatca caaacggagc cctcatagca 
tggggcatag tttcaaaagg catttactta 
tccagcataa ctggaattat gttggaaggt 
cctgctgcaa gagtagcaga ccaatggaga 
attgntccct tgtcagtagc cccaacaaca 
agacaaaaaa gaggcattgg aatagggctg 
agtacaatgg gcgcagcgtc aatagcgctg 
attgtacaac agcaggccaa tctgctgcaa 
ctctcggtct ggggagtaaa acaactccag 
agagatcaac aactattgag cctctggggt 
gtgccttgga ataattcctg ggtaaacttc 
atacaatgta tttgggaaaa tatgacatgg 
acaggacaga tatataatat cttacaaata 
gaattatatg aactagacaa atggagctca 
ctatggtata taaaaatatt tattatgata 
cttgtattag ttagttgctt aagaaaggtt 
atccctaccc aaaaccagca ggatccagag 



ctggctttgc taatccagtt tatagagaag 60 
tatggagtcc ctgtctggag aaatgcgaca 120 
atgacaagta cagaggtgca caatgtatgg 180 
gatcctattg tagttaggct caatacctca 240 
gtagaaagta tgacagaaga tatgntacaa 300 
aaactaacac ctatgtgtat aaaaatgaat 360 
ccaagtacaa caacaagtac agtaacacca 420 
aagctacaag aatgtaactt taatcagagc 480 
aaagccatat tttataaagg agatcttatg 540 
tattacttat ggcactgcaa caccacaact 600 
gaaccaattc ctatacatta ttgtgctcca 660 
gaggatttta caggagtagg gatgtgtaaa 720 
ataagcccaa tggtggcaac atggttacta 7 80 
gtagtaatga atggtcgcaa aaatgaatct 840 
aacttaacaa ttacatgtat aagaccagga 900 
ccaggaatga ctttctataa cgtagaaata 960 
acagtcaata agacgctatg ggaacaagca 102 0 
cattggaaaa aagtagacaa caaaaccaat 1080 
gatcctgaag taaaagtgca ttggtttaat 1140 
acaccttggt tcaatgccac atacacggga 1200 
cattgcagaa ttaagcagat agttaatcat 1260 
gcccctagga gagggaatgt ttcctgtact 1320 
caaatatata atgaaactgt taaagtgtca 1380 
gcggagttgt ccaggtacca ggtggtagag 1440 
ggnaaaaggc cagaaataaa acaacactcc 1500 
ttcttcttgg gtcttctcag tgcagctggc 1560 
acggcacaga ccaggaattt gntccatggt 1620 
gccatagaga cacagcaaca tctgctacag 1680 
gcaagaatgc ttgcagtcga gaagtaccta 1740 
tgtgctgaca aggtgacctg tcacactacg 18 00 
acgcaaacat gtgcaaagaa cagcagtgat 1860 
caagaatggg acagattagt acagaattca 1920 
gcacatgagc aacaagagag aaataaaaag 1980 
ttatggaatt ggtttgacat aacacaatgg 2 040 
gtaggagcta ttgtaggact aagaattttg 2100 
aggcagggat atcatcctct gtcatttcag 2160 
cagccagaag aaataagaga agaaggtgga 2220 
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agaaaagaca ggatcaggtg gagggccttg 
gacctgacga gcataatcca gtggatctac 
tgggcagtcc tccaacacct ctgcagaatt 
aatctcagca ccctctggac aataatcaga 
gctattttgg taggggaaaa aacagatagc 
atcataaggg angtccctag gcgcatcaga 



cagcacgggt tcttcgcact cttgtgggtg 2280 
cagatctgca gaacctgtct cttgaacctt 2340 
actttcagac tgtgcaacca tctggagaac 2400 
actgagatca ttaagaacat tgacagactt 2460 
attcctctag ctctccaaac tattgtcaga 2520 
cargggttgg aaattgcatt waattaa 2577 



<210> 11 
<211> 262 
<212> DNA 

<213> Human immunodeficiency virus 



<400> 11 

ggatcaaagt ctaaagccat gtgtaaaatt 
taatgtgaat attactactg ccaatactac 
ggagccagga gaaataaaaa actgctcttt 
gaagaaagaa tatgcacttt tttataacct 
tacctatagg ttgataagtt gt 



aaccccactc tgtgttactt taagttgcga 60 
caataccact agtaggcatg ggaaactgat 120 
caatatcacc acagacttga gagataagat 180 
taatgtagta caaataaatg atgataatac 240 

262 



<210> 12 

<211> 2360 

<212> DNA 

<213> Ebola virus 



<400> 12 

atacgatgaa gattaaggcg acaacgagcc 
tatctgttcc aaagtcatac aaggacacat 
tacctcccca aattacctat acaacatggg 
ggaacgtttt, cgtaaaactt cgttcttagt 
ctccatgccg cttggtatag tgacaaatag 
ggtttgtcgg gacaaactgt catcaaccag 
aggaaatgga attgcaaccg atgtcccatc 
tgtgcctccc aaggtggtca gctatgaagc 
ggagatcaaa aagtcagacg gaagtgaatg 
attccctaga tgtcgctatg tccacaaagt 
agctttccat aaaaatgggg cttttttctt 
ccgagggaca acttttgctg aaggtgtcgt 
gcatttttgg aaggctacac cagctcatga 
ctactacatg accctgacac tcagctacga 
cacccttttt aaggtagaca accacacata 
gttccttgtt cagctcaatg aaacacttcg 
gagattgact tggacattgg atcctaaaat 
ggaaactaaa aaaacttttc ccaacaactt 
tcaacccaca ccaacaactc ctcagatcag 
agctaccacc cacccgccaa caactccgag 
tcagtgctca ctgcaggacg gacagaggaa 
acaatcacag gtttcaccgc gaacccaatg 
acaagcgagg ttgataacaa tgtaccaagt 
gactcccccc catcggcaag caacgagaca 
ggctcgaaca actccgccca gagcccacag 
ccgatgaccc aggacccgca agagacggcc 
agcgcagccg gaccaagtca gcccggactc 
tcactgagtc ccaccaggaa acaaaagcga- 
aacccagatc tttactattg gacagctgcc 
attccatatt tcggacctgc agcagaaggc 
aatgggctta tttgcgggct acgtcagcta 
tttctgcggg ccacaacaga actgaggact 



gaaacttcat ctcttttaaa gatctaacat 60 
tcaaatcagg gattgtaagc tgctatttct 120 
gtcaggatat caacttctcc aattgcctcg 180 
atgggtaatc atcctcttcc agcgagcaat 240 
cactctcaaa gcaacagaaa ttgatcaatt 300 
tcagctcaag tctgtggggc tgaatctgga 3 60 
agcaacaaaa cgctggggat ttcgttcagg 420 
cggagaatgg gcagaaaatt gctacaatct 4 80 
cctccctctc cctcccgacg gtgtacgagg 540 
tcaaggaaca ggtccttgtc ccggtgactt 600 
gtatgataga ttggcctcaa ctgtcatcta 660 
agctttttta attctgtcag agcccaagaa 720 
accggtgaac acaacagatg attccacaag 780 
gatgtcaaat tttgggggca atgaaagtaa 840 
tgtgcaacta gatcgtccac acactccgca 900 
aagaaataat cgccttagca acagtacagg 960 
tgaaccagat gttggtgagt gggccttctg 1020 
catggagaaa acttgcattt ccaaattcta 1080 
agcccggcgg gaactgtcca aggaaaaatt 1140 
ctggttccaa cggattcccc tccagtggtt 1200 
atgtcgaccc aaggtctaac caacggagag 1260 
acaaccacca ttgccccaag tccaaccatg 1320 
gaacaaccga acaacacagc atccattgaa 1380 
atttaccact ccgagatgga tccgatccaa 1440 
accaagacca cgccagcacc cacaacatcc 1500 
aacagcagca aaccaggaac cagcccagga 1560 
actataaata cagtaagtaa ggtagctgat 1620 
tcggttcgac aaaacaccgc taataaatgt 1680 
gatgaggggg cagcagtagg attggcatgg 1740 
atctacattg agggtgtaat gcataatcag 18 00 
gccaatgaaa ctacccaggc tcttcaatta 1860 
tactcacttc ttaacagaaa agctattgat 1920 
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tttcttcttc aacgatgggg aggtacctgt 
ccacatgatt ggacaaaaaa tattactgat 
gacaatcccc taccagacca cggagatgat 
atcccggctg gaattgggat tattggagtt 
tgtaagattt tgtgttgatt tattctgaga 
aaggagaaat attattttta aaatttactt 
ttaataatat gtttttctgc ttctttgctt 
gattaatata ttaagaaaaa 



cgaatcctag gaccatcttg ttgcattgag 1980 
gaaattaacc aaattaaaca tgactttatt 2040 
cttaatctat ggacaggttg gagacaatgg 2100 
ataattgcta taatagccct actttgtata 2160 
tctgagagag aaaaatctca gggttactct 2220 
gaatgctgac cacttatctt aaatgagcaa 22 80 
gatttacaat atgatatttc tcttaataat 2340 

2360 



<210> 1?. 
<211> 1733 
<212> DNA 

<213> Influenza virus 
<400> 13 

agcaaaagca ggggataatc aaatcaatcg 
gtacattcac tgtactgaaa gctgacacca 
cagacactgt tgacacagta ctggaaaaga 
tcgaagacag ccataatggg aaactctgca 
gaaagtgcaa tgtggcggga tggctcctgg 
caaactcatg gtcctacata atagaaactt 
gtgaattcat agattatgaa gaattaagag 
aatttgaaat tttcccgaag gcaagctcat 
cagctgcatg ctcttactct ggagccagca 
agaaagggac ttcatatcca aaactcagca 
tgcttgtgct ctggggggtg caccaccctc 
agaatgctga tgcatacgtt tcagttggat 
aaatagcagc tagacctgaa gttagaggac 
tattagacca aggagacact ataacatttg 
atgctttcgc attgaataag gggtctgact 
acaattgtga cacaaggtgc caaacccctc 
agaatgtaca tcctatcact attggagaat 
gaatggcaac aggactaaga aatgtcccat 
ttgctggatt cattgaggga ggatggacag 
atcagaatga gcaaggatca ggatatgctg 
acgggatcac aagtaaggtg aattcggtaa 
tgggcaaaga attcaataat ttagaaagga 
atggattcct ggatgtttgg acatacaatg 
gaactctaga ctttcatgac tccaatgtga 
tgaggaataa tgccaaagaa attgggaatg 
atgagtgcat ggaaagtgtg aagaacggca 
ccaaattgaa tcgagaagaa atagacgggg 
ttttggcgat ctattccaca gtcgccagtt 
tcagcttctg gatgtgctct aatgggtcat 



agatggaagc aaaactattt gtactattct 60 
tctgtgtggg ctaccatgca aacaactcta 120 
atgtgaccgt gactcactca gtgaatttgc 180 
gcctgaacgg gatagctccc ctacaactgg 240 
gcaatccaga gtgtgatctt ctactcactg 300 
caaactcaga aaacggaaca tgctaccccg 3 60 
agcagctaag ttcaatttct tcatttgaaa 420 
ggccaaatca tgagacaact aaaggtgtta 4 80 
gtttttaccg gaatttgctg tggataacaa 540 
aatcatacac gaacaataag gggaaagaag 600 
caagtgtcag tgagcaacaa agtctatacc 660 
cgtcaaaata caaccgaaga ttcgctccgg 720 
aggcaggcag aatgaactat tattggacac 780 
aagccactgg gaatttgata gcaccatggt 840 
ctggaattat aacatcagat gctccagttc 900 
atggggcttt gaacagcagc cttccttttc 960 
gtcccaaata cgtcaagagc accaaactaa 102 0 
ccattcagtc cagaggacta tttggagcaa 1080 
gcatgataga tggatggtac gggtatcatc 114 0 
ctgatcagaa aagcacacag aatgcgatcg 1200 
ttgaaaagat gaacactcaa ttcactgcag 1260 
gaattgaaaa tttgaataaa aaggtcgatg 1320 
ccgaactgct cgtcctactt gaaaatgaaa 13 80 
gaaatttata tgagaaggtc aaatcgcaat 1440 
gttgttttga gttctaccac aagtgtgatg 1500 
catacgacta ccccaagtat tcagaagagt 1560 
tgaaactaga atcaatggga gtttatcaaa 1620 
ctctagtctt gttagtctcc tggggggcaa 1680 
tgcaatgcag aatatgcatt taa 17 33 



<210> 14 
<211> 100 
<212> DNA 

<213> Human Simian Virus 
<400> 14 

ccgcggcccc gcccccaacg cccgccgcgc gcgcgcacgc cgcccggacc gccgcccgcc 
ttttttgcgc gccgccccgc ccgcgggggg cccgggctgc 



